THE GAMMA RADIOLYSIS OF AQUEOUS STANNOUS-CHLORIDE - HYDROCHLORIC ACID SOLUTIONS by HATCH, RICHARD CALDER
University of New Hampshire
University of New Hampshire Scholars' Repository
Doctoral Dissertations Student Scholarship
Summer 1963




Follow this and additional works at: https://scholars.unh.edu/dissertation
This Dissertation is brought to you for free and open access by the Student Scholarship at University of New Hampshire Scholars' Repository. It has
been accepted for inclusion in Doctoral Dissertations by an authorized administrator of University of New Hampshire Scholars' Repository. For more
information, please contact nicole.hentz@unh.edu.
Recommended Citation
HATCH, RICHARD CALDER, "THE GAMMA RADIOLYSIS OF AQUEOUS STANNOUS-CHLORIDE - HYDROCHLORIC
ACID SOLUTIONS" (1963). Doctoral Dissertations. 784.
https://scholars.unh.edu/dissertation/784
This dissertation has been 
microfilmed exactly as received 63-4768
HATCH, R ichard C alder, 1936-
THE GAMMA RADIOLYSIS OF AQUEOUS 
STANNOUS CHLORIDE-—HYDROCHLORIC 
ACID SOLUTIONS.
U n iversity  of New H am pshire, Ph .D ., 1963 
C h em istry , p h ysica l
University Microfilms, Inc., Ann Arbor, Michigan
Copyright by 
RICHARD CALDER HATCH 
1966 j
THE GAMMA RADIOLYSIS OF AQUEOUS 
STANNOUS CHLORIDE—HYDROCHLORIC ACID SOLUTIONS
BY
RICHARD CALDER HATCH 
S c .  B . ,  Brown U n i v a r s i ty ,  1958
A THESIS
S u b m itto d  to  th e  U n i v e r s i ty  o f  New H am pshire  
In  P a r t i a l  F u l f i l l m e n t  o f 
The R e q u ire m e n ts  f o r  th e  D egree  o f 
D o c to r  o f  P h ilo so p h y
G ra d u a te  S ch o o l 
D ep artm en t o f C h e m is try  
J u l y ,  1962
/T h is  t h e s i s  h a s  b e en  exam ined and a p p ro v e d .
y . - . y r -
• \ X o S ^ . W
A ^ / r >




I  w ish  to  e x p re s s  my a p p r e c i a t i o n  t o  D r. A le x a n d e r 
B. A m ell f o r  in t r o d u c in g  me to  th e  f i e l d  o f  r a d i a t i o n  chem­
i s t r y .  D r. A m ell*s g u id a n c e  and i n t e r e s t  th ro u g h o u t  th e  
c o u rs e  o f  t h i s  w ork w ere  i n v a l u a b l e .
I  am in d e b te d  t o  th e  A tom ic E nergy  Com m ission and 
th e  U n iv e r s i ty  o f  New H am pshire  C h e m is try  D e p artm en t f o r  
f i n a n c i a l  a s s i s t a n c e .
F i n a l l y ,  I  w ould a l s o  l i k e  t o  acknow ledge th e  
u n d e rs ta n d in g  o f  my f a t h e r ,  L o ran u s  P . H a tc h , who a l s o  w orks 








V I I .
Page
LIST OF TABLES  ........................................................................ v
LIST OF ILLUSTRATIONS.................................................................... v l
INTRODUCTION............................................................................   1
EXPERIMENTAL.......................................................................................  9
1 . I n s t r u m e n t a t i o n ...................................................................  9
2 . A p p a r a t u s ................................... .. ...........................................10
3 .  C a l i b r a t i o n s .................................................................................. 11
If. S o lu t io n  P r e p a r a t io n  and T r a n s f e r ................................ 15
5 .  A n a ly s is  P ro c e d u re   ............................................................... 16
RESULTS AND DISCUSSION.....................................................................19
1 . S ou rce  C a l i b r a t i o n   ......................................................22
2 . P r im a ry  D eco m p o sitio n  Y i e l d s ............................................23
3* Produo t  C a l i b r a t i o n ...............................................................1+6
i+. K in e t ic  R e s u l t s ..................................................................   52
SUMMARY...................................................................................................... 65
BIBLIOGRAPHY............................................................................................ 67
APPENDIX .  .............................................................................................69




I . P r im a ry  R a d ia t io n  Y ie ld s  (C o b a lt—60 Gamma 
R a d ia t io n )  ................................................. ....................................... 26
I I . M olar E x t i n c t i o n  C o e f f i c i e n t  f o r  F e ( I I I )  i n  
0 .5 ^  1 * 0 , 2 .0 ;  and 3 .0  M olar H y d ro c h lo r ic  Aoid . . 27
I I I . The P r im a ry  Y ie ld  o f  H ydrogen Gas a s  a F u n c tio n  
o f  A cid  C o n c e n t r a t i o n ....................................... .... 3k
IV . The P r im a ry  Y ie ld  o f  H ydrogen P e ro x id e  a s  a 
F u n c tio n  o f  A cid  C o n c e n tr a t io n  ............................................ k l
V. The M olar E x t i n c t i o n  C o e f f i c i e n t  o f  F e r r i c  Io n  
in  0 .5 ;  1 . 0 ,  2 .0 ,  and 3 .0  M olar HgSO^ ......................... k k
V I. G ( F e l l l )  a s  a F u n c tio n  o f  H^SO^ C o n c e n tr a t io n  . . 1*5
V I I . S n(IV ) Y i e l d s ........................................................................ A ppendix
V I I I . H ydrogen Gas Y i e l d s ......................................................A ppendix
IX . C om parison  o f  G(SnIV) O bserved  t o  G(SnIV) 




I .  P a th  o f  P r im a ry  Compton E l e c t r o n .................................  3
I I .  R e d u c tio n  o f  S n(IV ) a t  th e  D ropp ing  M ercury
E l e c t r o d e .......................................................................................  13
I I I .  P r im a ry  R a d ia t io n  Y ie ld s  i n  W ate r f o r  C o b a lt-6 0
Gamma Rays a s  a F u n c t io n  o f  pH . . . . . . . .  . 21
IV . C a l i b r a t i o n  o f  Cob@ lt=60 S ou rce  U sing  F riok®
D o s i m e t e r ............................    2lf
V. Gamma Ray In d u ced  O x id a tio n  o f  FeC l« (A e ra te d
1 jg H C 1 ) .......................................................... f ............................ 29
V I. Gamma Ray In d u ced  O x id a tio n  o f  FeC lp  (D e a e ra te d
0 .5  M H C 1 ) .........................................................    32
V I I .  GfHpOg) a s  a F u n c t io n  o f  H y d ro c h lo r lo  A cid Con­
c e n t r a t i o n  ......................................................................................   39
V I I I .  g(HpOp) a a  * F u n c tio n  o f  th e  Cube R oot o f  th e
H y d ro o h lo r ic  A cid  C o n c e n t r a t i o n ..................................  l±2
IX . P o la r o g r a p h ic  C a l i b r a t i o n  Curve f o r  T in (IV ) . . lj.8
X. S e n s i t i v i t y  o f  th e  P o la r o g r a p h ic  A n a ly s is  f o r
T ln (IV ) . . . .  .................... . . . . . . . . . . .  50
X I. Gas C h ro m ato g rap h ic  C a l i b r a t i o n  Curve f o r
H ydrogen Gas  ............................    51
X I I .  Y ie ld  o f  Sn(IV ) a s  a F u n c t io n  o f  E x p o su re  Time . 53
X I I I .  Y ie ld  o f  H ydrogen  Gas a a a F u n c t io n  o f  E x posu re
T i m e ...................................................................  Sk
XIV. D ependence o f  G(SnIV) on I n i t i a l  S ta n n o u s  Chlo­
r i d e  C o n c e n t r a t i o n ....................................................................  57
XV. D ependence o f  G(SnIV) on H y d ro c h lo r lo  A cid  Con­
c e n t r a t i o n  .........................................................   56
vi
INTRODUCTION
The e f f e c t s  o f  i o n iz in g  r a d i a t i o n  on w a te r  and w a te r  
s o l u t io n s  hav e  r e c e iv e d  c o n s id e r a b le  a t t e n t i o n  o v e r  th e  p a s t  
d e c a d e ^ .  The g r e a t  body o f  new f a c t s  w h ich  h a s  em erged h a s  
become th e  f o u n d a t io n  o f  num erous h y p o th e s e s  em ployed t o  ex— 
p l a i n  th e  r a d i a t i o n  c h e m is try  o f  su c h  s y s te m s . F o r  an  e x ­
c e l l e n t  and co m p reh en s iv e  re v ie w  o f  th e  s u b j e c t ,  th e  r e a d e r
(2)i s  r e f e r r e d  t o  th e  book  by D r. A. 0 . A l l e n ' ' .
The num erous s t u d i e s  r e l a t i n g  to  th e  e f f e c t  o f  io n ­
i z i n g  r a d i a t i o n  on  aq u eo u s s o l u t i o n s  s u p p o r t s ,  from  b o th  a 
t h e o r e t i c a l  and e x p e r im e n ta l  s t a n d p o in t ,  th e  d i s s o c i a t i o n  o f  
w a te r  m o le c u le s  i n t o  " f r e e  r a d i c a l s " .
HaO H + OH ( 1 )
Tbs a c t u a l  c o n s t i t u t i o n  o f th e  h y d ro g en  and h y d ro x y l r a d i c a l s  
i s  n o t  w e l l  u n d e rs to o d . S in c e  w a te r  i s  a p o l a r  medium, th e
speoi©  d e s i g n a t e d  a s  OH m ig h t  w e l l  e x i s t  i n  th© b a s i c  fo rm  a s
/  *3 \
CT o r  p o s s ib l y  i n  I t s  a c i d i c  fo rm  a s  H^ O"5". S i m i la r ly ,  th e  
s p e c ie  w r i t t e n  a s  H m ig h t r e a l l y  e x i s t  a s  a s o lv a te d  e l e c t r o n ,  
HgO ^  o r  p e rh a p s  a s  Ha
V ery  l i t t l e  i s  a c t u a l l y  known c o n c e rn in g  th e  d e t a i l e d  
m echanism  o f  r e a c t i o n  ( 1 ) .  I t  i s  known, ho w ev er, t h a t  when 
h ig h  e n e rg y  p h o to n s , su c h  a s  X -ra y s  and gamma r a y s ,  p a s s  
th ro u g h  m a t t e r  th e y  t r a n s f e r  e n e rg y  i n  th r e e  d i f f e r e n t  w ays; 
th e  p h o t o e l e c t r i c  p r o c e s s  In  w h ich  th e  e n t i r e  e n e rg y  o f  th e  
p h o to n  i s  t r a n s f e r r e d  t o  a n  e l e o t r o n  o f  th e  medium; th e  Compton
2e f f e c t  i n  w h ich  th e  p h o to n  t r a n s f e r s  a l a r g e r  p a r t  o f  i t s  
e n e rg y  t o  an  e l e c t r o n  w h ile  th e  re m a in in g  p o r t i o n  r e s i d e s  
w i th  a p h o to n  o f  lo w e r  e n e rg y ;  and p a i r  p ro d u c t io n  d u r in g  
w h ioh  th e  p h o to n  i s  a n n i h i l a t e d  and a h ig h  v e l o o i t y  e l e c t r o n  
and p o s i t r o n  a r e  fo rm ed .
The r e l a t i v e  c o n t r i b u t i o n  o f  e a c h  o f  t h e s e  t o  th e  
t o t a l  e n e rg y  l o s s  d ep en d s on  th e  e n e rg y  o f  th e  i n c i d e n t  
p h o to n  and th e  n u c le a r  c h a rg e s  o f  th e  m edium . When d e a l in g  
w i th  photons in  th© rang© o f  on© hundred thousand to  two 
m i l l i o n  e l e c t r o n  v o l t s ,  th© prim ary mod© o f  en ergy  t r a n s f e r  
i n  w a te r  i s  by Compton s c a t t e r i n g .  Th® r e s u l t  o f  t h i s  w i l l  
be th e  i o n i z a t i o n  o f  a w a te r  m o le c u le .
The m ost t i g h t l y  bound e l e c t r o n s  i n  a w a te r  m o le c u le  
a r e  th e  K e l e c t r o n s  o f  th e  oxygen a tom . To io n iz e  t h e s e ,
532 e l e c t r o n  v o l t s  a r e  n e c e s s a r y .  S in c e  th e  e n e rg y  o f  th e  
i n c i d e n t  p h o to n  i s  many t im e s  t h i s  f i g u r e ,  th e r e  i s  a con­
s i d e r a b l e  e x c e s s  o f  e n e rg y  a v a i l a b l e  w h ioh  may th e n  a p p e a r  
a s  th® k i n e t i c  e n e rg y  o f  th e  io n iz e d  e l e c t r o n .
iis th© f a s t  o l o e t r o n  g e n e r a te d  by th© Compton p r o c e ss  
moves th ro u g h  th® body o f  w a te r , i t s  en ergy  w i l l  g r a d u a l ly  
d im in is h  a s  i t  i n t e r a c t s  w i th  th® atom s and e l e c t r o n s  o f  th e  
m edium . I f  t h i s  i n t e r a c t i o n  i s  s u f f i c i e n t ,  c e r ta in  o f  th e  
e l e c t r o n s  may become c o m p le te ly  d e ta c h e d  from  t h e i r  m o le c u le s .  
T h is  i o n i z a t i o n  w i l l  p ro d u c e  a w a te r  m o le c u le  io n  p lu s  w hat 
m ig h t be te rm ed  a s e c o n d a ry  e l e c t r o n .  T h is  i o n i z a t i o n  p ro c e s s  
can  be r e p r e s e n te d  ass
HeO + e c H*0+ + e s + e c » ( l a )
3w h e re : e Q »  p r im a ry  Compton e l e c t r o n
e s ** se c o n d a ry  e l e c t r o n
e c *= Compton e l e c t r o n  m inus th e  e n e rg y  g iv e n  up 
I n  r e a c t i o n  ( l a ) .
The se c o n d a ry  e l e c t r o n  w i l l  o f t e n  h av e  a d e q u a te  e n e rg y  to  
c a u se  f u r t h e r  i o n i z a t i o n s .
I f  t h e  e n e rg y  t r a n s f e r r e d  t o  a n  e l e c t r o n  o f  a w a te r  
m o le c u le  i s  l e s s  th a n  th e  i o n i z a t i o n  p o t e n t i a l ,  th e  r e s u l t  
w i l l  be e l e c t r o n i c  e x c i t a t i o n .
Thus th® s i t u a t i o n  w i th in  a r a d iu s  o f  a b o u t  20 
a n g s tro m s  o f  th e  p a th  o f th e  Compton e l e c t r o n  Im m e d ia te ly  
fo l lo w in g  i t s  p a s s a g e  can  be p i c t u r e d  a s  i n  F ig u re  I .
S pu r
p a th  o f  Compton 
e l e c t r o n
[pur
+
•  ac e x c i t e d  w a te r  m o le c u le
F ig u re  I
Those m o le c u le s  v e ry  c lo s e  t o  th e  p a th  w i l l  be i o n iz e d .  
E le c t r o n s  from  th e s e  m o le c u le s  w i l l  o f t e n  have  s u f f i c i e n t  
e n e rg y  t o  c a u se  a d d i t i o n a l  i o n i z a t i o n s  shown a s  s p u r s  i n  th e  
f i g u r e .  Those m o le c u le s  som ewhat f u r t h e r  from  th e  p a th  may 
a l s o  be  io n iz e d  a l th o u g h  t h e i r  d e ta c h e d  e l e c t r o n s  w i l l  be 
l e s s  l i k e l y  to  p ro d u c e  f u r t h e r  i o n i z a t i o n s .  The more rem o te  
m o le c u le s  t h a t  a r e  a f f e c t e d  w i l l  be o n ly  e l e c t r o n i c a l l y
ke x c i t e d .
W ith  t h i s  know ledge o f  th® p h y s io a l  o f f a c t  o f  i e n iz ~  
in g  r a d i a t i o n  on w a te r ,  th e  p ro b lam  i s  t o  d e v e lo p  a r e a s o n a b le  
aohama w h ich  a c c o u n ts  f o r  th e  g e n e r a t io n  o f  th e  f r e e  r a d i c a l s  
a s  g iv e n  in  a q u a t io n  ( 1 ) .  As s t a t e d  p r e v io u s ly ,  no  v e r i f i e d  
d e t a i l e d  m echanism  h a s  b e an  d e v is e d .  H ow ever, th e  d e s c r i p t i o n  
w hioh  f o l lo w s ,  th o u g h  p u r e ly  h y p o th e s i s ,  I s  one t h a t  e x p la in s  
n i c e l y  th e  f o r m a t io n  o f  th® h y d ro g en  and h y d ro x y l r a d i c a l s .
The r e a c t io n  le a d in g  to  th© g e n e s is  o f  th e  h yd roxy l 
r a d ic a l  i s  d e p ic te d  a s ;
H80+ + H80 H»0+ -f OH ( lb )
O b v io u s ly , t h i s  e x p la in s  th e  f a t e  o f  th e  w a te r  m o le o u le  io n s  
fo rm ed  by r e a c t i o n  ( l a ) .  I t  sh o u ld  be e m p h a s ize d , how ever, 
t h a t  t h e r e  i s  no  d i r e c t  e x p e r im e n ta l  e v id e n c e  w h ich  s u p p o r ts  
t h i s .
W hile  th e  u l t i m a t e  f a t e  o f  th e  se c o n d a ry  e l e c t r o n  i s  
a l s o  unknown, t h e r e  a r e  two d iv e r g e n t  t h e o r i e s  w h ich  d e a l
w ith  t h i s .  The vi©w t o l d  by Mage© ©ad h i s  o c = w © rk o r s ^ s ^^ i s  
t h a t  th e  se c o n d a ry  e l e c t r o n  i s  slow ed  down r a p i d l y  due t o  
I n e l a s t i c  c o l l i s i o n s  w i th  w a te r  m o le c u le s  and i s  q u ic k ly  draw n 
back t o  th® p aren t w a ter  m o le c u le  io n . As th® e le c t r o n  i s  
r e c a p tu r e d ,  th e  p a r e n t  io n  i s  t ra n s fo rm e d  i n t o  a n  e x c i te d  
n e u t r a l  m o le o u le  w hioh  can  th e n  decom pose i n t o  h y d ro g e n  and 
h y d ro x y l r a d i c a l s .  B ecause  o f  th e  e x tre m e ly  s h o r t  tim e  f o r  
a l l  t h i s  t o  o o c u r , t h e s e  r a d i c a l s  w i l l  be  a t ,  o r  a d ja c e n t  t o ,  
th e  o r i g i n a l  s i t®  o f  th e  I o n i z a t i o n .
A c co rd in g  t o  th e  second  th e o r y  a s  p ro p o se d  by
/  o  \
P la tz ra a n ' , th e  s e c o n d a ry  e l e c t r o n  l o s e s  I t s  e n e rg y  som ewhat 
more g r a d u a l ly  by c a u s in g  v i b r a t i o n  o f  bond d ip o le s  and r o t a — 
t i o n  o f  w a te r  m o le c u le s .  When th e  e l e c t r o n  h a s  become therm a— 
l i z e d ,  i t  w i l l  have  moved some 50 a n g s tro m s  d i s t a n t  from  th e  
p a r e n t  io n .  I t  i s  th e n  s o lv a te d  by  a w a te r  m o le o u le  t o  g iv e  
HaGT” w h ich  a o o o rd ln g  to  th e o r y  d i s s o c i a t e s  t o  p ro d u ce  th e  
h y d ro g en  atom s
H0 O"* -*> H +  orf* ( l c )
As a co n seq u e n ce  o f  th e  P la tz ra a n  m o d e l, th® h y d ro g en  and 
h y d ro x y l r a d i c a l s  a r e  formed a t  a d ls ta n o ®  from  e a c h  o th e r .  
T h is  i s  i n  c o n t r a s t  t o  th e  Magee p i c t u r e  w here  th e y  a re  p ro *  
duced q u i t e  c lo s e  t o g e t h e r .  The d i f f e r e n c e  b e tw een  th e  two 
v ie w p o in ts  i n  r e g a rd  t o  th e  i n i t i a l  d i s t r i b u t i o n  o f  th e  f r e e  
r a d i c a l s  i s  o b v io u s ly  o f  im p o rta n c e  f o r  th e  e n s u in g  r e a c t i o n s  
o f  th e s e  r a d i c a l s .  T here  h a s ,  a s  y e t ,  b een  no  e x p e r im e n t 
d e v is e d  w h ich  c a n  p ro v e  th e  v a l i d i t y  o f  e i t h e r  m o d el.
The w a te r  m o le c u le s  w h ioh  have  e x p e r ie n c e d  m o le c u la r  
e x c i t a t i o n  t o  v a r i o u s  e n e rg y  l o v o l s  or© bs lio v © d  t o  b© 
c a p a b le ,  a t  l e a s t  in  th® c a se  o f  c e r t a in  e x c i t e d  s t a t e s ,  o f  
d i s s o c i a t i n g  d i r e c t l y  i n t o  h y d ro g en  and h y d ro x y l r a d i c a l s .
0@r© a g a in  th© p ic tu r e  I s  hazy sine©  th© tru e  n a tu re  o f  th© 
e x c i t e d  s p e c ie s  and th e  m anner i n  w h ich  th e y  b re a k  a p a r t  i s  
n o t  known.
Thus we e n v is io n  t h a t  th e  p a s s a g e  o f  a Compton e le c ­
t r o n  l e a v e s  b e h in d  a s e r i e s  o f  i s o l a t e d  s p u r s .  T hese s p u r s  
w i th  a d ia m e te r  o f  20 to  $0 a n g s tro m s  a r e  c l u s t e r s  o f  f r e e
6r a d i o a l s  h a v in g  a c o n c e n t r a t i o n  w h ioh  a p p ro a c h e s  one m o la r  a t  
th e  c e n t e r ^ .  T h is  d en se  c o n c e n t r a t i o n  o f new ly  form ed f r e e  
r a d i c a l s  w i l l  th e n  s t a r t  t o  d i f f u s e  ran d o m ly . Such  d i s p l a c e ­
m ent may le a d  to  e n c o u n te r s  be tw een  two r a d i c a l s  so  t h a t  i f  
any  p r e r e q u i s i t e  a o t i v a t i o n  e n e rg y  i s  a v a i l a b l e ,  th e y  w i l l  
oom bine . T here  i s ,  t h u s ,  a c o m p e ti t io n  b e tw een  c o m b in a tio n  
and d i f f u s i o n .  S in c e  th e  p r o b a b i l i t y  o f  a b in a r y  c o l l i s i o n  
w i l l  d e c re a s e  w i th  in c r e a s in g  r a d i c a l  s e p a r a t i o n ,  th e  chance  
o f  com b in ation  d e c r e a se s  a s  d i f f u s io n  p r o c e e d s .
The r a d i c a l ^ r a d i o a l  com b in ation  r e a c t io n s  l e a d  to  th e  
p ro d u c t io n  o f  m o le c u la r  hyd rogen  and h y d ro g en  p e ro x id e .
T hese a r e ,  i n  f a c t ,  th e  o b se rv e d  m o le c u la r  p r o d u c ts  o f  w a te r  
r a d i o l y s i s  .
H +  H " *  Hg
OH +  OH ■*’ H g Og
H + OH HgO
T h ere  h a s  b een  no e x p e r im e n t d e v e lo p e d  w h ich  can  d e t e c t  how
o f t e n  th© w a te r  recom b in a tion  r e a c t io n  (Ij.) o c c u r s .
Thus, th© r a d ia t io n  c h em istry  o f  w a te r  and w ater  
s o l u t i o n s  i s  d e te rm in e d  by th© num ber f r e e  r a d i o a l s  H and OH 
and m o le c u la r  p ro d u o ts ,  Hg and HgO®, form ed p e r  u n i t  o f  e n e rg y  
a b s o rb e d . The y i e l d s  o f  th e s e  f o u r  p r im a ry  p r o d u c ts  i n  d i f ­
f e r e n t  aq u eo u s s o l u t i o n s  w i l l  be th e  same o n ly  i f  any  s o l u t e  
t h a t  i s  p r e s e n t  i s  u n a b le  t o  i n t e r f e r e  w i th  th e  r e c o m b in a t io n  
r e a c t i o n s  2 , 3 , and i|. w i t h in  th e  s p u r s .  I t  h a s  b e e n  shown 
t h a t  in  th e  p re s e n c e  o f  c e r t a i n  o x id iz in g  a g e n t s ,  th® y i e l d  




7t r a t i o n  o f  o x id a n t  i s  in o r e a s e d .  L ik e w is e , c e r t a i n  r e d u c in g  
a g e n ts  w i l l  d e c r e a s e  m o le c u la r  p e ro x id e  y i e l d s .  As a r e s u l t :  
th e  a p p a re n t  f r e e  r a d i c a l  y i e l d s  a r e  I n c r e a s e d .  T h is  a o t  
o f  s e e k in g  o u t and r e a c t i n g  w i th  th e  r a d i c a l s  by  th e  s o l u t e  
i s  o a l l e d  s c a v e n g in g .
The s p e c ie s  S n ( I I )  i s  a f a m i l i a r  s t r o n g  re d u o ln g  
a g e n t  i n  aq u eo u s s o l u t i o n .  As su c h , i t  m ig h t w e l l  a o t  a s  a 
s c a v e n g e r  f o r  th e  f r e e  r a d i o a l s  fo rm ed i n  th e  r a d i o l y s i s  o f  
w a te r .  The i n i t i a l  w ork on t h i s  sy s tem  was c a r r i e d  o u t  in  
t h i s  l a b o r a to r y  by  D r. A .  H. 4 m e l l ^ . I t  was e s t a b l i s h e d  
t h a t  aq u eo u s h y d r o c h lo r ic  a c id  s o l u t io n s  c o n ta in in g  s ta n n o u s  
c h lo r id e  when ex p o sed  t o  c o b a l t—60  gamma r a y s  y i e l d  a s  p ro ­
d u c ts  Sn(IV ) and h y d ro g en  g a s .
The e f f e c t s  o f  t o t a l  r a d i a t i o n  d o s e ,  c h lo r id e  io n  
c o n c e n t r a t i o n ,  S n(IV ) c o n c e n t r a t i o n ,  and h y d ro g en  io n  con­
c e n t r a t i o n  w ere i n v e s t i g a t e d .
I t  was fo u n d  t h a t  t h e r e  i s  no e f f e c t  o f  t o t a l  dose  
on th© o x id a t io n  y i e l d .  Th© e f f e c t  o f  added  c h lo r id e  io n ,  
th o u g h  s l i g h t ,  was f e l t  t o  b© r e a l .  T h is  d©p©nd©ne© was 
p o s tu l a t e d  a s  b e in g  due to  ch an g e s  in  th® o x id a t io n  p o t e n t i a l  
o f  th e  sy s te m .
The e f f e c t  o f  added p r o d u c t ,  s t a n n ic  io n ,  was s tu d ie d  
w i th  no  a p p a re n t  a l t e r a t i o n  in  th e  r a t e  o f  o x i d a t i o n .
The c o n c e n t r a t i o n  o f  th e  h y d r o c h lo r ic  a c id  was v a r i e d  
i n  o r d e r  t o  s tu d y  th e  e f f e c t  o f  h y d ro g en  io n  c o n c e n t r a t io n  
on t h i s  gamma r a y  in d u c e d  o x id a t io n .  C h lo r id e  io n  c o n c e n tr a ­
t i o n  was h e ld  c o n s ta n t  by  a d d i t i o n  o f  sodium  c h l o r i d e .  A
8v e ry  s i g n i f i c a n t  i n f lu e n c e  o f  h y d ro g en  io n  was o b se rv e d  
w h ioh  was e x p la in e d  a s  b e in g  due t o  i t s  e f f e c t  on th e  e q u i­
l ib r iu m  :
SnCln &“n  + H*0 ■+ S n C l^ O B ^2^ 1 + E+ + C l" .
The p r im a ry  p u rp o se  o f  th e  w ork d e s o r ib e d  in  t h i s  
t h e s i s  i s  t o  e x te n d  th e  sco p e  o f  th e  s tu d y  i n i t i a t e d  by D r. 
A m ell i n  o r d e r  t o  f u r t h e r  c l a r i f y  th e  m echanism  o f  th e  gamma 
r a y  in d u ce d  o x id a t io n  o f  S n ( I I )  i n  h y d r o c h lo r ic  a c i d .  T here  
w i l l  b e ,  i n  p a r t i c u l a r ,  a good d e a l  o f  i n t e r e s t  fo c u s e d  on 
th e  a f f e o t  o f  i n i t i a l  s ta n n o u s  c o n c e n t r a t i o n  and th e  q u a n t i ­
t a t i v e  m easu rem en t o f  th e  second  p ro d u c t  o f  th e  r a d i o l y s i s ,  
h y d ro g en  g a s .
As D r. A m ell h a s  s a id  i n  th e  f i r s t  p u b l i c a t i o n  r e ­
l a t i n g  t o  t h i s  s tu d y ,  " T h is  sy s tem  i s  o f  p a r t i c u l a r  i n ­
t e r e s t  b e c a u se  o f  th e  n a tu r e  o f  th e  r e d u c in g  a g e n t ,  a two 
e l e c t r o n  t r a n s f e r  b e in g  In v o lv e d  in  th e  o x id a t io n  t o  S n (IV ) . 
D e te r m in a t io n  o f  th e  "0" v a lu e s *  f o r  th e  sy stem  w i l l  h e lp  
e l u c i d a t e  th e  m echanism  by w h ich  S n ( I I )  a c t s  a s  a r e d u c in g  
a g e n t  a s  w e l l  a s  add to  th e  g e n e r a l  f i e l d  o f  know ledge o f  
r a d i a t i o n  c h e m is try  o f  aq u eo u s s o l u t i o n s . "
*
The "G" v a lu e s  a r e  th e  p r o d u c t  y i e l d s  e x p re s s e d  in  num bers 
o f  io n s  and m o le c u le s  fo rm ed  p e r  100  e l e o t r o n  v o l t s  o f  
e n e rg y  a b so rb e d  by th e  s y s te m .
9EXPERIMENTAL
M a te r i a l s
A ll  c h e m ic a ls  u sed  in  t h i s  w ork w ere  r e a g e n t  g r a d e .  
The h y d ro g en  g a s  em ployed in  th e  p r e p a r a t i o n  o f  th e  c a l i ­
b r a t i o n  c u rv e  f o r  t h i s  p r o d u c t  was ta k e n  d i r e c t l y  from  a 
ta n k  o f  M atheson e l e c t r o l y t i c  g ra d e  w i th o u t  f u r t h e r  p u r i f i ­
c a t i o n .
R a d ia t io n  S o u rce
The gamma r a d i a t i o n  so u rc e  h a s  b een  d e s c r ib e d  e l s e ­
w h e re . I t  c o n s i s t s  o f  150 c u r i e s  (Ju n e  1958) o f  c o b a l t -
60 i n  th e  fo rm  o f  w a fe r s  o o n ta in e d  w i th in  a b r a s s  c a p s u le .  
T h is  b r a s s  c o n ta in e r  i s  th re a d e d  o n to  a v e r t i c l e  m e ta l  rod  
w h ich  c a n  be r a i s e d  and lo w e re d  w i th in  a le a d  s h i e l d i n g .  
Samples t o  be i r r a d i a t e d  a r e  in tro d u c e d  to  th e  so u rc e  th ro u g h  
an  o p e n in g  i n  t h e  s h i e l d i n g  x fh ile  th© m e ta l  rod  i s  i n  t h e  
r a i s e d  p o s i t i o n .  The ro d  i s  th e n  lo w ered  t o  i t s  o p e r a t in g  
s t a t i o n .
I n s  tru m e n ta  t  io n
P o la ro g r a n h v . — P o la r o g r a p h ic  m easu rem en ts  w ere  made 
on a H eyrovsky  Model X II  p o la r o g r a p h  w i th  a g a lv a n o m e te r  
s e n s i t i v i t y  o f  0 .0 0 3 1 6  p. amps p e r  m i l l i m e t e r .  The d ro p p in g  
m erc u ry  e l e c t r o d e  was o f  th e  ty p e  d e s c r ib e d  by L in g a n e  and 
L a l t i n e n ^ 1 ^ )  w ith  a d ro p  tim e  m a in ta in e d  a t  I4. s e c o n d s . The
10
r a t e  o f  f lo w  o f  m ercu ry  was d e te rm in e d  and ch eck ed  a t  f r e q u e n t
(1 3 )I n t e r v a l s .  An 3 - ty p e  p o la r o g r a p h ic  c e l l  was u sed  w i th  a 
s a t u r a t e d  o a lo m e l e l e c t r o d e  a s  a w o rk in g  r e f e r e n c e .  411 
m easu rem en ts w ere p e rfo rm ed  w i th  t h i s  c e l l  i n  a th e rm o s ta te d  
w a te r  b a th  k e p t  a t  25 + 0 .1 ° C . 4 i r  was e x c lu d e d  d u r in g  an  
a n a l y s i s  by m a in ta in in g  a n  a tm o sp h e re  o f  n i t r o g e n .
A b s o rp tio n  S p e c tra  and O p t io a l  D e n s i ty  M easurem ents 
U l t r a v i o l e t  a b s o r p t io n  s p e c t r a  w ere  d e te rm in e d  on a P e r k i n -  
E lm er S p e c tra  c o rd  ij.000. O p t io a l  d e n s i ty  m easu rem en ts  w ere  
ta k e n  on th e  more s e n s i t i v e  Beckmann Model DU S p e c tro p h o to ­
m e te r .
Gas C h ro m ato g rap h y . — Gas a n a ly s e s  w ere  done on a
P e rk in —E lm er V apor F r a c to m e te r  M odel l51tf3 i n  c o n ju n o t lo n
w i th  a S a rg e n t  Model SR R e o o rd e r . The c h ro m a to g ra p h ic
colum ns w ere packed  w i th  20-60  m esh m o le c u la r  s ie v e  54 and
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w ere  m a in ta in e d  a t  a te m p e ra tu re  o f  a p p ro x im a te ly  25  C. 
N itro g e n  c a r r i e r  g a s  had a f lo w  r a t e  o f  30 m i l l i l i t e r s  p e r
m in u te „
jp p a ra tu a
I r r a d i a t i o n  V e s s e l s . — Two ty p e s  o f  i r r a d i a t i o n  
v e s s e l s  w ere u sed  i n  t h i s  w ork . The l a r g e r  o f  th e  two h a s  
b e en  d e s c r ib e d  p r e v i o u s l y ( ^ )  and was em ployed in  th e  g r e a t e r  
p o r t i o n  o f  th e  i n v e s t i g a t i o n .  The second  v e s s e l  o c n s i s t e d  
o f  12 mm. O.D. p y re x  tu b in g  a p p ro x im a te ly  15 cm. i n  l e n g t h .
One end was c lo s e d  o f f  in  th e  m anner o f  a t e s t  tu b e  and a f t e r  
sam ple  i n t r o d u c t i o n ,  th e  o th e r  end was a l s o  s e a le d  w i th  th e
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g l a s s  p u l le d  o u t  so  t h a t  i t  o o u ld  e a s i l y  be  b ro k e n . T h is  
second  ty p e  o f  v e s s e l  was u sed  o n ly  i n  th e  h y d ro g en  y i e l d  
d e te r m in a t io n s '.
Gas T r a n s f e r . — I n  th e  a n a ly s e s  f o r  h y d ro g e n , th e
g a s  was t r a n s f e r r e d  from  th e  I r r a d i a t i o n  v e s s e l  t o  a g a s
sa m p le r  by means o f  a T o e p le r  pump. T h is  g a s  sa m p le r  h a s
(12)b een  p i c t u r e d  e ls e w h e re  and i s  d e s ig n e d  so  t h a t  i t  
r e a d i l y  f i t s  o n to  th e  g a s  sa m p lin g  d e v ic e  o f  th e  g a s  chroma­
to g r a p h .
C a l i b r a t i o n s
C o b a lt—60 S o u rc e . — The r a d i a t i o n  s o u rc e  was c a l i ­
b r a te d  u s in g  th e  F r io k e  d o s im e te r  s o l u t i o n w h i c h  i s  
s ta n d a r d  i n  t h i s  k in d  o f  m easu rem en t. T h is  s o l u t i o n  c o n s i s t s  
o f  0 .0 0 1  m o la r  f e r r o u s  ammonium s u l f a t e  ( h e x a h y d r a te ) , 0 .0 0 1  
m o la r  sodium  c h l o r i d e ,  and 0 .If. m o la r  s u l f u r i c  a c i d .  The 
a b s o r p t io n  o f  th e  h ig h  e n e rg y  p h o to n s  from  th e  c o b a l t—60  
s o u rc e  b r i n g s  a b o u t  th® c o n v e r s io n  o f  th© f e r r o u s  Io n  t o  th e  
f e r r i c  s t a t e .  Th© e x t e n t  o f  t h i s  r a d i a t i o n  in d u ce d  o x id a t io n  
i s  p r o p o r t i o n a l  to  th e  am ount o f  e n e rg y  a b so rb e d  and i s  f o l ­
low ed by a d i r e o t  r e a d in g  o f  th e  o p t i c a l  d e n s i ty  o f  th e  
I r r a d i a t e d  s o l u t i o n  a t  3 0 5  m u .  A t t h i s  w a v e le n g th , th e  l i g h t  
a b s o r p t io n  o f  th e  f e r r i c  io n  i n  s u l f u r i c  a c id  i s  a maximum, 
w h ile  th e  t h a t  f o r  f e r r o u s  io n s  i s  n e g l i g i b l e .  The r e s u l t s  o f  
t h i s  c a l i b r a t i o n  a r e  g iv e n  l a t e r .  (S ee  F ig u re  IV ) ,
S ta n n ic  I o n . — The w ork p e rfo rm ed  in  t h i s  i n v e s t i ­
g a t i o n  was done w i th  s o l u t i o n s  w here  th e  i n i t i a l  s ta n n o u s  io n
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c o n c e n t r a t i o n  was 0 .0 1  m o la r  and l e s s .  T h e r e fo r e ,  th e  gamma 
r a y  In d u ced  o x id a t io n  o f  S n ( I I )  c o u ld  n o t  be fo llo w e d  by 
io d a m e tr io  t i t r a t i o n ^ ^  s in c e  t h i s  m ethod w ould n o t  be  s u f ­
f i c i e n t l y  s e n s i t i v e .  As a r e s u l t ,  i t  was n e c e s s a r y  t o  d e v e lo p  
some o t h e r  a n a l y t i c a l  te c h n iq u e .
One o f  th e  more s e n s i t i v e  m ethods f o r  th e  q u a n t i t a t i v e  
d e te r m in a t io n  o f  m e ta l  io n s  i n  s o l u t i o n  i s  p o la r o g ra p h y . I n  
th e  c a s e  o f  th e  t i n  sy s te m , th e  r e d u c t io n  o f  S n(IV ) a t  th e  
dropping m ercury e le c tr o d e  has been  s tu d ie d . F ig u re  I I
i l l u s t r a t e s  th e  p o la ro g ra m  f o r  t h i s  r e d u c tio n  i n  a su p p o rtin g  
e l e c t r o l y t e  o f  1 m o la r  h y d r o c h lo r ic  a c i d ,  If. m o la r  ammonium 
c h l o r i d e ,  and 0 . 0 0 5 -0 .0 1 #  g e l a t i n .®  The f i r s t  wave c o r r e s ­
ponds t o  th e  r e d u c t io n  o f  S n(IV ) t o  S n ( I I )  and h a s  a h a l f ­
wave p o t e n t i a l  r e p o r te d  a s  —0 .2 5  v o l t s .  T h is  wave i s  s a id  to  
be som ewhat i l l —d e f in e d  a s  i t  i s  n o t  q u i t e  c o m p le te  b e fo r e  th e  
second  wave b e g in s .  The seco n d  wave c o r re s p o n d s  t o  th e  r e ­
d u c t io n  o f  S n ( I I )  t o  th e  m e t a l l i c  s t a t e  w i th  a h a lf -w a v e  
p o t e n t ia l  g iv e n  a s  —0.52  v o l t s .
I t  was f e l t  th a t  t h i s  p r e v io u s ly  rep o rted  polaro=® 
g r a p h ic  m ethod m ig h t be p r o f i t a b l y  a p p l ie d  to  th® p ro b lem  o f  
a n a ly z in g  f o r  one o x id a t io n  s t a t e  o f  t i n  i n  th e  p re s e n c e  o f  
th e  o t h e r .  Such was th e  c a s e .  The second  w ave, th o u g h  b e t t e r  
d e f in e d  th a n  th e  f i r s t ,  c o u ld  n o t  be u t i l i z e d  in  su c h  an  
a n a l y s i s  s in c e  i t s  h e ig h t  i s  a m easu re  o f  th e  t o t a l  t i n  con­
c e n t r a t i o n ,  n o t  j u s t  t h a t  o f  th e  S n ( I I ) .  T hus, th e  f i r s t  wave
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Applied Voltage ( v o lts  )
Versus the saturated Calomel Bleotrode
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was u s e d ,  I t s  h e ig h t  d e p e n d in g  o n ly  on th e  S n(IV ) p r e s e n t  i n  
a sa m p le . S in c e  t h i s  wave i s  n o t  to o  w e l l  d e f in e d ,  i t  was 
p a r t i c u l a r l y  im p o r ta n t  t o  be  c o n s i s t e n t  i n  d e te rm in in g  th e  
wave h e ig h t .
The c o r r e l a t i o n  b e tw ee n  th e  h e ig h t  o f  t h i s  f i r s t  
r e d u c t io n  wave and th e  S n(IV ) c o n c e n t r a t i o n  was o b ta in e d  by 
th e  p o la r o g r a p h ic  a n a l y s i s  o f  known c o n c e n t r a t i o n s  o f  s t a n n ic  
io n  i n  th e  s u p p o r t in g  e l e c t r o l y t e  o f  1 m o la r  h y d r o c h lo r ic  
a c i d ,  2 m o la r  ammonium c h l o r i d e ,  and 0 . 005 -“0 . 0 1$  g e l a t i n .
T his c o r r e la t io n  i s  i l l u s t r a t e d  g r a p h ic a l ly  in  F igu re  IX 
o f  th e  r e s u l t s  s e c t i o n .
H ydrogen G a s . — In  th e  c a l i b r a t i o n  f o r  h y d ro g e n , a 
known p r e s s u r e  o f  th e  g a s  was p u t  i n  th e  g a s  s a m p le r  w hioh  
had b e en  c a l i b r a t e d  f o r  v o lu m e. T h is  known q u a n t i t y  o f  g a s  
was th e n  ru n  th ro u g h  th e  f r a o to m e te r  and th e  chrom atogram  
r e c o r d e d .  The same p ro c e d u re  was fo llo w e d  u s in g  s e v e r a l  
d i f f e r e n t  am ounts o f  h y d ro g e n . The h e ig h t  o f  e a c h  chrom a— 
togram peak if a s  th en  p lo t t e d  a g a in s t  th e  co rresp o n d in g  m oles  
o f  hyd rogen . A g r a p h ic a l r e s u l t  o f  t h i s  i s  shown in  th e  
r e s u l t s  s e c t i o n .  ( F i g u r e X I ) .
F e r r i c  I o n . — Th© c a l i b r a t i o n  f o r  f e r r i c  io n  in  b o th  
h y d r o c h lo r ic  and s u l f u r l o  a c id  s o l u t i o n s  was r e a d i l y  p e rfo rm ed  
on th e  Beckmann DU by d e te rm in in g  th e  o p t i o a l  d e n s i ty  o f  s o lu ­
t i o n s  o f  known F e ( I I I )  c o n c e n t r a t i o n  f o r  e a c h  a c id  and a c id  
c o n c e n t r a t i o n .
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S o lu t io n  P r e p a r a t io n  and T r a n s f e r
S ta n n o u s  C h lo r id e —H y d ro c h lo r ic  A c id . — S to o k  s o lu ­
t i o n s  o f  s ta n n o u s  c h lo r id e  w ere p re p a re d  by d i s s o lv in g  s t a n ­
n o u s c h lo r id e  d ih y d r a te  i n  h y d ro o h lo r io  a c id  o f  th e  d e s i r e d  
m o la r i t y .  F o r  th e  m ore o o n o e n tr a te d  t i n  s o l u t io n s  i t  was 
n e c e s s a r y  to  h e a t  th e  a c id  s o l u t i o n  b e fo r e  d i s s o l u t i o n  was 
c o m p le te . P r i o r  to  t h i s  s o l u t i o n  p r e p a r a t i o n ,  p u r i f i e d  n i t r o ­
gen  was b u b b led  th ro u g h  th e  a c id  f o r  a p p ro x im a te ly  two h o u rs  
i n  o r d e r  to  rem ove d is s o lv e d  o xygen . T h is  n i t r o g e n  p u rg e  i s  
n o t  s u f f i c i e n t  t o  d i s p l a c e  a l l  t r a c e s  o f  oxygen so  t h a t  th e r e  
w i l l ,  a t  f i r s t ,  be a slow  o x id a t io n  o f  th e  s ta n n o u s  io n .  The 
sm a ll  am ount o f  s t a n n ic  io n  th u s  form ed was d e te rm in e d  p r i o r  
to  sam ple  i r r a d i a t i o n  and o f t e n  tu rn e d  o u t  t o  be i n s i g n i f i c a n t .
The i n i t i a l  s ta n n o u s  c o n c e n t r a t io n  was found  by o x i­
d iz in g  an  a l i q u o t  o f  th e  s to c k  s o l u t io n  w i th  n i t r i c  a c i d ,  
b o i l i n g  a lm o s t  to  d ry n e s s  t o  rem ove o x id e s  o f  n i t r o g e n ,  and 
d i l u t i n g  t o  a s p e c i f i e d  volum© w i th  on© m o la r  h y d r o c h l o r i c  
a c i d .  Th© s ta n n o u s  t i n  was i n  t h i s  way c o n v e r t e d  t o  s t a n n ic  
t i n  w h ich  th e n  was d e te rm in e d  p o l a r o g r a p h i c a l l y .
E ach  s to c k  s o l u t i o n  was s to r e d  u n d e r  n i t r o g e n  i n  a 
l a r g e  c o n ta in e r  from  w hioh  i t  was t r a n s f e r r e d  t o  a n  i r r a d i ­
a t i o n  v e s s e l .  T h is  t r a n s f e r  was c a r r i e d  o u t  i n  an  a tm o sp h e re  
o f  n i t r o g e n .
F e r ro u s  C h lo r id e —H y d ro c h lo r lo  A o id . — A ir  s a t u r a t e d  
s to o k  s o l u t io n s  o f  f e r r o u s  c h lo r id e  w ere  p re p a re d  by  d i s s o lv in g  
p r im a ry  s ta n d a r d  i r o n  w ire  i n  a c o n c e n tr a te d  s o l u t i o n  o f
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h y d r o c h lo r ic  a c id  and th e n  d i l u t i n g  t o  a d e s i r e d  volum e w i th  
d i s t i l l e d  w a te r .
The d e a e r a te d  s to o k  s o l u t i o n s  w ere  made up in  th e  
same m anner w i th  th e  a d d i t i o n  t h a t  oxygen was p u rg ed  from  th e  
s o l u t io n s  d u r in g  t h e i r  p r e p a r a t i o n .  The s to r a g e  and t r a n s f e r  
o f  th e s e  s o l u t io n s  was done u n d e r  an  a tm o sp h e re  o f  n i t r o g e n .
Form ic A cid—F e r r i c  C h lo r id e -H y d ro c h lo r ic  A c id . —
T h is  s o l u t i o n  was p re p a re d  by d i s s o l v i n g  th e  i r o n  w ire  in  a 
m ix tu re  o f  h y d r o c h lo r ic  and n i t r i c  a c i d s .  A f t e r  th e  d i s s o lu ­
t i o n  was c o m p le te , t h i s  s o l u t io n  was b o i le d  down to  a sm a ll  
vo lum e. S u f f i c i e n t  c o n c e n tr a te d  h y d r o c h lo r ic  a c i d ,  fo rm ic  
a c id ,®  and d i s t i l l e d  w a te r  w ere  added  t o  make a s o l u t i o n  w h ich  
had th e  d e s i r e d  am ounts o f  th e  v a r io u s  c o n s t i t u e n t s .  The 
f i n a l  c o n c e n t r a t i o n s  o f  e a c h  s o l u t e  w ere  0 .0 1  m o la r  fo rm ic  a c id ,  
0 .0 0 1  m o la r  f e r r i c  io n ,  and 0 .5  m o la r  h y d r o c h lo r ic  a c i d .  T h is  
s o l u t i o n  was th e n  p u rg ed  o f  oxygen by  p a s s in g  n i t r o g e n  th ro u g h  
i t  f o r  a b o u t two h o u r s .
A n a ly s i s  P ro c e d u re
S ta n n lo  Io n  Y i e l d s . — A t y p i c a l  p o la r o g r a p h ic  a n a ly ­
s i s  i s  d e s c r ib e d  b e lo w . The B »type c e l l  i s  p la c e d  in  th e  con—
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s t a n t  te m p e ra tu re  b a th  m a in ta in e d  a t  a te m p e ra tu re  o f  25  C.
A c e r t a i n  volum e o f  th e  ammonium c h lo r id e —h y d r o c h lo r ic  a c id  
s u p p o r t in g  e l e c t r o l y t e  i s  in tr o d u c e d  i n t o  th e  sam ple  oom part—
D oubly d i s t i l l e d  ( r e f r a c t i v e  in d e x  = 1.371ij. ( 20°C ))
17
m ent o f  th e  c e l l .  (T h is  volum e a s  w e l l  a s  th e  e l e c t r o l y t e  
c o n c e n t r a t i o n  I s  c h o sen  so  t h a t  upon th e  a d d i t i o n  o f  th e  
I r r a d i a t e d  sam ple  a l i q u o t ,  th e  f i n a l  c o n c n e t r a t io n  o f  ammonia 
um c h lo r id e  i s  2  m o la r  and t h a t  o f  h y d ro g en  o h lo r id e  i s  1 
m o la r ) .  T h is  p o r t i o n  o f  e l e c t r o l y t e  s o l u t i o n  i s  th e n  p u rg ed  
w i th  n i t r o g e n  f o r  t h i r t y  m in u te s  t o  rem ove d is s o lv e d  oxygen .
An a l i q u o t  o f  i r r a d i a t e d  sam ple  i s  th e n  in tro d u c e d  and tim e 
a l l o t e d  f o r  th e  sy stem  to  come to  th e rm a l  e q u i l ib r iu m .  A 
p o la ro g ra m  i s  th e n  re c o rd e d  w h ile  a n i t r o g e n  a tm o sp h ere  i s  
m a in ta  i n e d .
H ydrogen Gas Y i e l d s . — The t e s t  tu b e  ty p e  i r r a d i a ­
t i o n  v e s s e l  a lo n g  w i th  a g l a s s  e n c a se d  i r o n  rod  was p la c e d  
in s i d e  a 16  mm. O.D. g l a s s  tu b e ,  l\$  cm. i n  l e n g th ,  w h ich  was 
s e a le d  a t  one e n d . T h is  tu b e  was th e n  a t t a c h e d  to  th e  T o e p le r  
pump a p p a r a tu s  by m eans o f  a g ro u n d  g l a s s  j o i n t .  The gas 
s a m p le r  was a t t a c h e d  s i m i l a r l y .  The w hole sy s te m , in c lu d in g  
s a m p le r , was e v a c u a te d  w i th  a m e c h a n ic a l  pump. By p r o p e r  
m a n ip u la t io n  ©f a m agno t, th© g l a s s  © nessed i r o n  pi©o© was 
r a i s e d  up I n  th© I4.0 cm. tub© and upon rem oval o f  th© m agnet 
i t  c ra s h e d  down on  th e  i r r a d i a t i o n  v e s s e l  be low  c a u s in g  i t s  
g l a s s  s e a l  to  s h a t t e r .  T h is  l i b e r a t e d  th© im p riso n e d  h y d ro g en  
g a s .  Only 70—80$  o f  th e  g a s  d i f f u s e s  o u t i n  th e  i n i t i a l  r u s h  
and i t  was n e c e s s a r y  to  m e c h a n ic a l ly  a g i t a t e  th e  i r r a d i a t i o n  
v e s s e l  in  o r d e r  to  f r e e  th e  re m a in in g  p o r t i o n .  The g a s  was 
th e n  f o r c e d  up i n t o  th e  sa m p le r  by m eans o f  m ercu ry  p r e s s u r e .  
A f t e r  c lo s in g  i t s  s to p c o c k , th e  sa m p le r  was removed from  th e  
T o e p le r  pump and a t t a c h e d  to  th e  f r a c to m e te r *  The g a s  chrom a—
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to g ram  was th e n  r e c o r d e d .
F e r r i c  Io n  Y i e l d s . — A l l  f e r r i c  io n  y i e l d s  w ere  
d e te rm in e d  by d l r e o t l y  m e a su r in g  th e  o p t i c a l  d e n s i ty  o f  e a c h  
i r r a d i a t e d  f e r r o u s  s o l u t i o n  on th e  Beckmann DU. The a p p ro ­
p r i a t e  w a v e le n g th s  f o r  th e s e  m easu rem en ts  had  p r e v io u s ly  been  
fo u n d  by  o b ta in in g  th e  UV a b s o r p t io n  s p e c t r a  o f  s ta n d a rd  
f e r r i c  io n  s o l u t i o n s  i n  b o th  h y d r o c h lo r ic  and s u l f u r i c  a c i d .
H ydrogen P e ro x id e  Y i e ld s . — The p e ro x id e  y i e l d s  
from  i r r a d i a t e d  a c id  s o l u t i o n s  w ere  d e te rm in e d  by  r e a c t i n g  
a n  a l i q u o t  o f  th e  sam ple  s o l u t i o n  w i th  a q u a n t i t y  o f  f e r r o u s  
c h lo r id e —h y d r o c h lo r ic  a c id  s o l u t io n  and d e te r m in in g ,  by  
m eans o f  th e  s p e c t r o p h o to m e te r ,  th e  am ount o f  f e r r i c  io n  p ro ­
d u c e d .
A cid  C o n c e n t r a t io n s . — The a c id  c o n c e n t r a t io n  o f a l l  
th e  s o l u t i o n s  u sed  in  t h i s  i n v e s t i g a t i o n  was d e te rm in e d  by 
t i t r a t i o n  a g a i n s t  p r im a ry  s ta n d a r d  sodium  c a r b o n a te .
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RESULTS AND DISCUSSION
I t  h a s  b ean  d e m o n s tra te d  t h a t  th e  r a d i a t i o n  c h e m is try  
o f  aq u eo u s sy s te m s i s  g o v e rn ed  by  th e  q u a n t i t i e s  o f  p r im a ry  
d e c o m p o s itio n  p r o d u c ts  fo rm ed p e r  u n i t  o f  e n e rg y  a b so rb e d  by 
th e s e  sy s te m s :
HgO — ^  H| OS, Hg, SgOg
I t  i s  e s s e n t i a l ,  f o r  any s i g n i f i c a n t  q u a n t i t a t iv e  w ork  in  
t h i s  f i e l d ,  to  d e te rm in e  th e  y i e l d s  o f  th e s e  p r o d u c t s .  T hese 
can  c o n v e n ie n t ly  b e  s e p a r a te d  i n t o  two p o r t i o n s ;  th e  y i e l d s  
o f  th e  f r e e  r a d i c a l s ,  H and OH, w h ich , e s c a p in g  re c o m b in a t io n , 
d i f f u s e  i n t o  th e  body  o f  th e  s o l u t io n  and a r e  th u s  a v a i l a b l e  
t o  r e a o t  w i th  any  a p p r o p r i a t e  s o l u t e s  t h e r e  p r e s e n t ;  and th e  
y i e l d s  o f  th e  m o le c u la r  p r o d u c t s ,  Hg and w h ich  a r e
fo rm ed  d u r in g  th e  r a d i c a l  re c o m b in a t io n  p r o c e s s e s  o c c u r r in g  
i n  th e  s p u r s .  The p r im a ry  r a d ia t io n  y i e l d s  a re  n e c e s s a r y  in  
d eterm in in g  th® a b i l i t y  o f  a g iv e n  r a d ia t io n  t o  f o r m  p ro d u cts  
and in  deducing th© meehanlsteb o f  r a d ia t io n  induced r e a c tio n s .,
R e a c tio n  y i e l d s  i n  r a d i a t i o n  c h e m is try  a r e  commonly 
g iv e n  in  term s o f  v a lu e s .  These sim p ly  e x p re s s  th® number 
o f  s p e c ie s  fo rm ed  p e r  100  e l e o t r o n  v o l t s  o f  e n e rg y  a b so rb e d  
by a sy s te m . The o b se rv e d  y i e l d  o f  an  a c t u a l  r e a c t i o n  p r o d u c t ,  
X, i s  g iv e n  th e  n o t a t i o n  G (X ). F o r  ex am p le , X i n  t h i s  s tu d y  
co u ld  be S n (IV ) . T herefor® , th® m easured y i e l d s  o f  s ta n n ic  t i n  
a r e  e x p re s s e d  a s  Gr(SnlV). I n  o r d e r  t o  d i s t i n g u i s h  th e s e  ob—• 
se rv e d  y i e l d s  from  th o s e  o f  th e  p r im a ry  d e c o m p o s itio n  p r o d u c ts ,
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t h e  l a t t e r  s h a l l  b e  w r i t t e n  a s  g (H ) , g(0H)> g(H2 ) ,  and 
g(H 2 02 ) .  T hese f o u r  q u a n t i t i e s  a r e  r e l a t e d  by a n  e q u a t io n  
o f  m a t e r i a l  b a la n o e :
g(H) + 2g(H 2 ) *  g(0H ) + 2g(H2 02 ) (5 )
4 s  one c a n  e a s i l y  v e r i f y  by  a b r i e f  s e a r c h  o f  th e  
p e r t i n e n t  l i t e r a t u r e ,  th e  m ost w id e ly  s tu d ie d  aq u eo u s sy s te m s 
hav e  b een  th o s e  in  a n  O .h  m o la r  s u l f u r i c  a c id  m e d ia . ^  T here 
i s  no  d e f i n i t e  r e a s o n  t h a t  t h i s  a c id  and a c id  s t r e n g t h  sh o u ld  
h av e  r e c e iv e d  so  much a t t e n t i o n . ,  T r a d i t io n  seem s t o  have 
d i c t a t e d  I t .  S in c e  e x te n s iv e  w ork  h a s  b een  p e rfo rm ed  u t i l i z i n g  
t h i s  p a r t i c u l a r  a c id  sy s te m , i t  i s  n o t  s u r p r i s i n g  t h a t  th e  
p r im a ry  r a d i a t i o n  y i e l d s  sh o u ld  b e  m o st r e l i a b l e  f o r  O .h  Jg 
H2 S0V  E ven s o ,  v a lu e s  f o r  th e  r a d i c a l  and m o le c u la r  y i e l d s  
h av e  a l s o  b een  o b ta in e d  f o r  n e u t r a l  w a te r  and s o l u t i o n s  o f  
I n te r m e d ia te  a c i d i t y .  T h at th e s e  y i e l d s  a r e  r a t h e r  d e p e n d e n t 
on a o id  s t r e n g t h  o v e r t h i s  ra n g e  can  b e  se e n  from  F ig u r e  I I I .  
S in c e  th e  a o id  s t r e n g t h  o f  th e  aqueous sy s tem  c a n  be o f  p rim e  
im p o rta n c e  du© t o  I t s  p o s s i b l e  I n f lu e n c e  on th© p r im a ry  p ro =  
d u c t  y i e l d s ,  a f a i r  p e rc e n ta g e  o f  t h i s  d i s c u s s io n  w i l l  l a t e r  
d e a l  w i th  th e  s tu d y  o f  su ch  a p o s s i b l e  dependence  f o r  th e  a c id  
s o l u t io n s  em ployed in  t h i s  s tu d y .
T em p era tu re  f l u c t u a t i o n  a p p e a rs  t o  have  l i t t l e  o r  no  
a f f e c t  on th e  m ag n itu d e  o f  th e s e  q u a n t i t i e s .  I t  h a s  b e en  ob­
se rv e d  t h a t  th e  r a d i c a l  and m o le c u la r  y i e l d s  do n o t  change  by 
m ore th a n  tw o p e r c e n t  b e tw een  th e  f r e e z i n g  and b o i l i n g  p o i n t s  
o f  w a te r .  T h is  was o f  p a r t i c u l a r  im p o rta n c e  f o r  t h i s  i n v e s t i ­
g a t i o n  s in c e  t h e r e  was no way o f  c o n t r o l l i n g  th e  te m p e ra tu re
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Figure III  
Primary Radiation Yields In 
Water for Cobalt -  60 Gamma









d u r in g  I r r a d i a t i o n s .
B ecau se  we a r e  d e a l in g  w i th  "G-" v a lu e s  w h ich  e x p re s s  
y i e l d s  In  r e l a t i o n  to  eao h  100  e l e c t r o n  v o l t s  a b so rb e d  by  an  
a q u eo u s sy s te m , c l e a r l y  one e s s e n t i a l  p i e c e  o f  in f o r m a t io n  i s
th e  e n e rg y  d o se  r a t e  o f  o u r  r a d i a t i o n  s o u r c e .  T h a t i s ,  how
much e n e rg y  d o es  th e  s o u rc e  Im p a r t t o  a g iv e n  q u a n t i t y  o f  
s o l u t i o n  p e r  u n i t  o f  t im e . The m easu rem en t in v o lv e d  w i th  
o b ta in in g  su c h  in f o rm a t io n  i s  c a l le d  d o s im e try .
Source C a lib r a t io n . — A sou rce  i s  c a l ib r a te d  by 
u s in g  a standard system  f o r  w hich th e  s p e c i f i c  r a d ia t io n
y i e l d  h a s  been  m easu red  by  m eans o f  p r im a ry  p h y s i c a l  s ta r* -  
d a r d s .  One su c h  sy s te m , th e  F r lc k e  d o s im e te r ,  i s  u n i v e r s a l l y  
em ployed . T h is  c h e m ic a l d o s im e te r ,  a s  d e s o r ib e d  in  th e  ex ­
p e r im e n ta l  s e o t lo n ,  in v o lv e s  th e  r a d i a t i o n  in d u c e d  o x id a t io n  
o f  f e r r o u s  t o  f e r r i c  i r o n .  The m eohanlam  o f  t h i s  r e a c t i o n  i s  
now w e l l  e s t a b l i s h e d
HgO ————^  H, OH, Hg, HgOg (6 )
F0 (X I) + OH •=* F e ( I I I )  + OH* (6 a )
F e ( I I )  + H202 «* F e ( I I I )  + OH* + OH (6b)
H + 0 2 HOg ( 6 c )
F e ( I I )  + HOg *♦ F e ( I I I )  + H0g~ ( 6 d)
HOg + H ^ ,.^ 1 HgOg ( 6 e )
Saoh  h y d ro x y l r a d i c a l  w i l l  r e a c t  t o  o x id iz e  one f e r r o u s  io n
a s  i n  r e a c t i o n  6 a . Hydrogen p ero x id e  m o le c u le s  w i l l  each  
o x id iz e  two f e r r o u s  io n s  v ia  r e a c t i o n s  6b and 6a .  The hy—
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d ro g en  a tom s i n  th© a i n - s a t u r a t e d  s o l u t i o n  w i l l  s e a r c h  o u t
th e  d i s s o lv e d  oxygen t o  fo rm  HOg. ( r e a c t i o n  6 0 ) B ach  o f
th e s e  c an  i n  t u r n  a t t a c k  t h r e e  f e r r o u s  i o n s .  F o r  C o b a lt-6 0
gamma r a d i a t i o n  th e  f e r r i c  io n  y i e l d  i n  t h i s  p r o c e s s  i s  1 5 » 6
(lb .)
+ 0 .2  io n s  p e r  100  e v . a s  e s t a b l i s h e d  by c a l o r lm e t r i o
C17\and io n  cham ber m e a s u r e m e n t s . ' ( R a d ia t io n  c h e m ic a l y i e l d s  
p r e s e n te d  i n  t h i s  t h e s i s  a r e  r e f e r r e d  t o  a v a lu e  o f  15*6 f o r  
th e  d o s i m e t e r ) .
Th© Frick® d o s im eter  was em ployed in  th® c a l ib r a t io n  
o f  th e  r a d ia t io n  sou rce  used in  t h i s  work. A p lo t  o f  th® 
F e ( I I I )  y i e l d  r e l a t i v e  t o  th® t im e  o f  e x p o su re  t o  th® so u rc e  
f o r  th e  f e r r o u s  s o l u t i o n  I s  g iv e n  i n  F ig u re  IV . The s lo p e  
o f  t h i s  l i n e a r  p l o t  i s  3 .5 1  x  10” * m o les l i t e r ” 8, m in .” 1 .
T h is  q u a n t i t y  when com bined w i th  th e  s ta n d a r d  f e r r i c  io n  
y i e l d  a s  w e l l  a s  th e  d e n s i t y  o f  th e  F r ic k e  s o l u t i o n  gave 
1 .3 1  x  101T e v .  gram” 8, m in ." 8, a s  th e  do se  r a t e  o f  th e  C o b a l t -  
60 s o u rc e  i n  J u ly  o f  1 9 5 9 . T h is  f i g u r e  was c o r r e c t e d  f o r  
so u rc e  d e ca y  d u rin g  th® in v e s t i g a t io n .  * -
Prim ary P eco m p o sltlo n  Y ie ld s . — Mb we have s e e n , 
th e  y i e l d s  o f  th e  p r im a ry  r a d i a t i o n  p r o d u c ts  i n  w a te r  s o lu ­
t i o n s  can m ost d e f i n i t e l y  b© a f f e c t e d  by th e  a c id i t y  o f  th© 
s o l u t i o n .  T h is  s ta te m e n t  i s  n o t  m ean t t o  im p ly  t h a t  e a c h  
p a r t i c u l a r  a c id  sh o u ld  have  a d i f f e r e n t  i n f lu e n c e .  In d e e d , 
t h i s  i s  n o t  th e  c a s e .  As lo n g  a s  th e  r a d i a t i o n  d o es  n o t  
r e a c t  d i r e c t l y  w i th  th e  a c id  s o l u t e ,  th e  h y d ro g en  io n  con­
c e n t r a t i o n  a lo n e  sh o u ld  be th© im p o r ta n t  f a c t o r .  A s tu d y  o f  
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s a t u r a t e d  O .lt m o la r  h y d r o c h lo r ic  a c id  s o l u t i o n  h a s  shown t h a t
th e  v a lu e s  o f  g(H ) and g(HP ) a r e  v i r t u a l l y  I d e n t i c a l  t o  th o s e
(18 )f o r  s u l f u r i c  a c id  m edia o f  th e  same a o id  s t r e n g t h .  T here­
f o r e ,  i t  w ould c e r t a i n l y  b e  v a l i d ,  when s tu d y in g  a h y d r o ­
c h l o r i c  a o id  sy s te m , t o  u se  p r im a ry  y i e l d  v a lu e s  a s  o b ta in e d  
i n  th e  c o r re s p o n d in g  s u l f u r i c  a c id  s o l u t i o n .  N e v e r th e le s s ,  
a n  a t te m p t  was made t o  a c t u a l l y  d e te rm in e  th e s e  y i e l d s  f o r  
th e  h y d r o c h lo r ic  a o id  s o l u t i o n s  em ployed in  t h i s  w o rk . A l­
th o u g h  t h i s  e f f o r t  p a r t i a l l y  f a i l e d ,  th e  r e s u l t s  are  c e r t a i n l y  
o f  i n t e r e s t .
I f  one c o n s u l t s  e q u a t io n  £ ,  th e  e x p re s s io n  o f  m a t e r i a l  
b a la n c e  f o r  th e  f o u r  p r im a ry  r a d i a t i o n  p r o d u c t s ,  i t  i s  im­
m e d ia te ly  e v id e n t  t h a t  o n ly  t h r e e  In d e p e n d e n t p a ra m e te r s  a r e  
n eed ed  in  o r d e r  t o  d e te rm in e  th e  m a g n itu d e  o f  th e  f o u r  p r im a ry  
ng" v a lu e s .  T hese p a ra m e te r s  hav e  b een  p r e v io u s ly  o b ta in e d  
fro m  p r o d u c t  y i e l d s  i n  r a d i a t i o n  in d u o ed  r e a c t i o n s .  B ach 
p a r t i c u l a r  p ro d u c t  y i e l d  was th e n  e q u a te d  in  some way t o  th e  
prim ary "g" v a lu e s  assum ing th a t  th e  mechanism f o r  th e  reac­
t io n  was known. Numerous d i f f e r e n t  system s hav© be©ga em=> 
p lo y e d , each  g iv in g  v e r y  s im i la r  r e s u l t s .  T h is s i m i l a r i t y  i s
m o st c e r t a i n l y  good e v id e n c e  f o r  th e  v a l i d i t y  o f  th e s e  r e s u l t s ,
( 1 9 )a p o r t i o n  o f  w h ich  i s  sum m arized in  T ab le  I .
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T ab le  I
P r im a ry  R a d ia t io n  Y ie ld s  (C o b a lt—60 0-amma R a d ia t io n )
g(H) g(0H) g(H2 ) g(H202 )
2 .9 0  2.1*0 0.1*5 0 .7 1
3 .6 5  2 .9 2  0.1*5 0 .8 0
P ro b a b le  e r r o r s  — y%>
In  0.1* m o la r  s u l f u r i c  a o id  m ed ia , one o f  th e  n e c e s s a r y  
p a ra m e te r s  h a s  b e en  o b ta in e d  from  th e  f e r r i c  io n  y i e l d  i n  
th e  r a d i o l y s i s  o f  an  a ix w a a tu r a te d  f e r r o u s  io n  s o l u t i o n .
The m echanism  f o r  t h i s  r e a c t i o n ,  a s  p r e v io u s ly  p r e s e n te d  i n  
e q u a t io n  6a—6 e , e n a b le s  one t o  e q u a te  th e  o b se rv e d  "0" v a lu e  
f o r  F e ( I I I )  t o  th e  p r im a ry  "g "  v a lu e s :
G(Fe I I I )  «  g(0H ) + 2g(H 202 ) + 3g(H ) (7 )
The s tu d y  o f  t h i s  o x id a t io n  i n  0.1* M HC1 h a s  d e m o n s tra te d  
th a t  © back r e a c t io n  in v o lv in g  th© produ ct F e ( I I I )  i s  much 
more prom inent th an  in  th® H2S0^ sy s te m . T his back
r e a c t i o n  was p o s t u l a t e d  t o  b e  a r e d u c t io n  o f  F e ( I I I )  by  hy­
d ro g en  a to m s . Thus, th e  r a d i a t i o n  c h e m is try  o f  F e ( I I )  i n  
0.1* Jf h y d ro o h lo r io  a c id  e n t a i l s ,  i n  p a r t ,  a c o m p e t i t io n  be­
tw een  F e ( I I I )  and 02 f o r  H a to m s:
F e ( H I )  + H = F e ( I I )  + H+ (8 a )
02 + H =* H02 (8b )
When p r o p e r  a c c o u n t  was ta k e n  o f  th e  r e v e r s e  p r o c e s s ,  th e
N e u t r a l  W ater 
0.1* M H2S0^
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I n i t i a l  y i e l d  o f  f e r r i o  io n  was fo u n d  t o  be  v i r t u a l l y  th e  
same a s  th e  y i e l d  o f  t h i s  r a d l o l y s l s  p r o d u c t  i n  0 .I4. M HgSOj^.
I t  was f e l t  t h a t  t h i s  sy s te m  m ig h t be  u s e f u l  i n  o b ta in in g  one 
o f  th e  n eed ed  p a ra m e te r s  f o r  th e  p r im a ry  y i e l d  d e te r m in a t io n s  
in  th e  v a r io u s  h y d r o c h lo r ic  a d d  s o l u t i o n s  u se d  in  t h i s  w ork , 
n a m e ly , 0 .5 ,  1 * 0 , 2 .0 ,  and 3 .0  m o la r .
S in c e  th e  gamma r a d i o l y s i s  o f  f e r r o u s  c h lo r id e — h y d ro ­
c h l o r i c  a c id  s o l u t io n s  p ro d u c e s  f e r r i o  c h l o r i d e ,  a c a l i b r a t i o n  
f o r  t h i s  p r o d u c t  was o b ta in e d  a s  i n d io a te d  in  th e  e x p e r im e n ta l  
s e c t i o n .  The r e s u l t s  o f  t h i s  c a l i b r a t i o n  a r e  g iv e n  i n  T ab le  I I  
i n  te rm s  o f  th e  f e r r i o  io n  m o la r  e x t i n c t i o n  c o e f f i c i e n t  a t  
25 ±  1 .0 ° C . f o r  th e  f o u r  HC1 m o l a r i t i e s .
T a b le  I I
M olar E x t i n c t i o n  C o e f f i c i e n t s  f o r  F e ( I I I )  
i n  0 . 5 ,  1 . 0 ,  2 .0 ,  and 3 .0  M olar H y d ro c h lo r ic  A cid
HC1 (m oles l ite x * " 4 ) ( g  ) l i t e r s  mole*"*1 cm ."4, X  max^xnA1 )
The I n c r e a s e  i n  th e  m o la r  e x t i n c t i o n  c o e f f i c i e n t  r e l a t i v e  to  
in c r e a s e d  a d d  m o la r i t y  i s  u n d o u b te d ly  a r e s u l t  o f  a v a r i a t i o n
3 .0
0 .lf*















i n  c h lo r i d e  io n  c o m p le t in g .
R e s u l ts  f o r  th e  i r r a d i a t i o n  o f  a i r - s a t u r a t e d  f e r r o u s  
c h lo r id e — h y d r o c h lo r ic  a c id  s o l u t i o n s  w ere  v i r t u a l l y  i d e n t i c a l  
f o r  e a c h  o f  th e  f o u r  a c id  c o n c e n t r a t i o n s ,  Tho i n i t i a l  f e r r o u s  
io n  c o n c e n t r a t i o n  was 0 .0 0 1  m o la r  i n  e a c h  c a s e  and F ig u re  V 
i l l u s t r a t e s  th e  o b se rv e d  r a t e  o f  f e r r i c  io n  p r o d u c t io n  i n  th e
1 .0  m o la r  HC1 sy s te m . Q u a l i t a t i v e l y  th e  p i c t u r e  i s  i n  ex­
c e l l e n t  a g re em e n t w i th  th e  p r e v io u s  s tu d y .  The c u r v a tu r e  o f  
th® p l o t  i s  a d i r e c t  r e s u l t  o f  th® c o m p e ti t io n  b e tw een  F e ( I I I )  
and Op f o r  h y d ro g en  r a d i c a l s .  Such a c o m p e t i t io n  sh o u ld  c a u se  
th e  ra t®  o f  F e ( IX I)  p ro d u c t io n  to  d e c r e a s e  r e l a t i v e  t o  ex­
p o s u re  tim e  a s  d o e s , in d e e d , o c c u r .  Even th o u g h  th e r e  was 
t h i s  f i n e  q u a l i t a t i v e  a c c o rd ,  a d i f f i c u l t y  a r o s e  w i th  th e  
d e te r m in a t io n  o f  th e  i n i t i a l  r a t e  o f  f e r r i c  i r o n  f o r m a t io n .  
T h is  i s ,  o f  c o u r s e ,  th e  im p o r ta n t  m easu rem en t s in c e  i t  i s  th e  
i n i t i a l  y i e l d  w h ioh  can  be e q u a te d  to  th e  p r im a ry  p ro d u c t  "g" 
v a lu e s .  The m ain  p ro b lem  was t o  d i f f e r e n t i a t e  b e tw een  th e  
l i m i t i n g  v a lu e s  f o r  th© ra t©  o f  f e r r i c  io n  p r o d u c t io n  in  th© 
f o u r  d i f f e r e n t  h y d r o c h lo r ic  a c id  s o l u t i o n s .  E v id e n t ly ,  any  
v a r i a t i o n  i n  th e s e  v a lu e s  i s  n o t  v e ry  l a r g e  w i th  th e  r e s u l t  
t h a t  any  s i g n i f i c a n t  q u a n t i t a t i v e  © v a lu a tio n  o f  a p o s s ib l e  
d i f f e r e n c e  i s  n o t  p o s s i b l e .  I n  a d d i t i o n ,  i t  m u st be  p o in te d  
o u t t h a t  th e  l i m i t i n g  v a lu e s  o b se rv e d  a p p e a re d  t o  be  s l i g h t l y  
lo w e r  th a n  i n  th e  p r e v io u s ly  p u b l is h e d  s tu d y .  I t  i s  c e r t a i n l y  
d o u b t f u l  t h a t  th e  lo w e r  v a lu e s  a r e  r e a l .  S in c e  o u r r a d i a t i o n  
do se  ra t®  w as t e n  t im e s  g r e a t e r  th a n  i n  th® p re v io u s  i n v e s t i ­
g a t i o n ,  th e  r a t e  o f  F e ( I I I )  f o r m a t io n  d e c re a s e d  m ore r a p i d l y .
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As a r e s u l t ,  th e  l i m i t i n g  s lo p e  d e te r m in a t io n s  w ould be  r a t h e r  
l e s s  a c o u r a te  th a n  I n  th e  r e p o r t e d  s tu d y .
f i r s t  a t te m p t  t o  d e te rm in e  one o f  th e  n eed ed  p a ra m e te r s ,  th e  
n e x t  s t e p ,  l o g i c a l l y  enough , was t o  I r r a d i a t e  d e a e ra te d  
f e r r o u s  c h lo r id e  s o l u t i o n s .  A p r e v io u s  s tu d y  o f  t h i s  p a r ­
t i c u l a r  sy s tem  h a s  b e en  done by  S chw arz, u s in g  O.ij. m o la r  h y d ro —
rep o rted  to  decreas©  r a p id ly  f o r  a sm a ll e x te n t  o f  th© reac­
t io n  and th©n 1© v© 1 out to  a v i r t u a l l y  c o n s ta n t  va lu © . A 
m eohanlsm  was proposed  to  d e s c r ib e  th© r a d ia t io n  c h em istry  o f  
t h i s  p r o c e s s .  As i n  th e  c a s e  o f  th e  a i r  s a t u r a t e d  s o l u t i o n ,  
h y d ro x y l r a d i c a l s  and h y d ro g en  p e ro x id e  m o le o u ls s  a r e  a c t i n g  
a s  o x id a n t s .  H ow ever, w i th  n o  oxygen p r e s e n t  th e  h y d ro g en  
atom  l a  u n a b le  t o  b eh av e  a s  i t  d id  I n  th e  a e r a te d  s y s te m . A 
c lu e  t o  i t s  a c t i v i t y  was t h a t  th e  i n i t i a l  wO" v a lu e  f o r  F a ( I I I )  
was o b se rv e d  to  be a b o u t 6 .2  lo n s /1 0 0  e v . T h is  h a p p en s  t o  be  
th® v a lu e  o f  G(FeXXI) f o r  th© r a d i o ly s i s  o f  F @ (II) in  d e se r a te d  
© A  M In  tho  su lfu r l©  o d d  a o d lo , tho  1  afcesa i a
th o u g h t  t o  behave  a s  an o x id iz in g  a g e n t ,  c o n v e r t in g  F e ( I I )  to
(5)F e ( I I I ) .  W eiss p ro p o se d  t h i s  p r o c e s s  t o  b e:
H aving  f a i l e d  t o  o b ta in  c o n c lu s iv e  r e s u l t s  i n  th e
c h lo r ic  a c id Th® r a t e  o f  gamma r a y  induced  o x id a t io n  was
(9 a )
H2+ + F e ( I I )  -* F e ( I I I )  + H£ (9b
( 21)H ow ever, H a r t '  h a s  su g g e s te d  t h a t  th e  r e a c t i o n  c o u ld  l n -
)
v o lv e  a w a te r  m o le c u le  c o o rd in a te d  t o  th e  f e r r o u s  io n
Fe(H 20 )£ 8 + H , *+ (HgO)^ F e(0H )+* + Hg ( 10)
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W hatever th e  e x e e t  r o u te  o f  t h i s  r e a c t i o n  may b e ,  I t  seem s 
c e r t a i n  t h a t ,  i n  a d d  s o l u t i o n ,  H a tom s oan  a c t  a s  o x id a n t s .  
D raw ing on t h i s  know ledge o f  th e  b e h a v io r  o f  H atom s 
in  th e  H^SO^ m ed ia , Schw arz p ro p o se d  t h a t  i n  th e  i n i t i a l
i
s t a g e s  o f  th e  r a d i o l y s i s  i n  HC1 s o l u t io n  th e  h y d ro g en  r a d i c a l s  
a r e ,  i n  f a c t ,  a c t i n g  a s  o x id iz in g  a g e n t s .  The r a p id  d e c re a s e  
in  th e  r a t e  o f  f e r r o u s  io n  o x id a t io n  was s e e n  t o  be th e  r e —
s u i t  o f  a com peting r e a c t io n , nam ely, th® re d u o t io n  o f  the  
produ ct F © (III) by th© H atom s. T his r e a c t io n  soon predom i-  
n a te s  over th© o x id is in g  a c t io n  o f  th©s© r a d ic a ls  and th© 
rat® o f  F e ( I I I ) fo rm a tio n  becomes c o n s ta n t .
i 1
The v a r io u s  r e p o r t e d  c h a r a c t e r i s t i c s  o f  th e  r a d i a t i o n  
Induced  o x id a t io n  o f  f e r r o u s  c h lo r id e  in  d e a e ra te d  h y d ro *  
c h lo r i c  a o id  s o l u t i o n  w ere  n i c e l y  v e r i f i e d  in  t h i s  l a b o r a t o r y .  
T h is  o an  be se e n  from  F ig u re  VI f o r  th e  0 .5  m o la r  s o l u t i o n .
The r e s u l t s  i n  th e  o th e r  t h r e e  a o id  c o n c e n t r a t i o n s  w ere  s im i­
l a r .  The l i n e a r  p o r t io n  o f  th e  p l o t  a c c o u n ts  f o r  a b o u t 90 to  
95# o f  th© r e a c t io n  and may b© d e sc r ib ed  by th® fo l lo w in g  
mechanism raher© th© red u c in g  a c t io n  o f  tho  hydrogen atoms 
dom in ates;
F e ( I I )
F e ( I I )
F e ( I I I )
From t h i s  schem e, th e  "G" v a lu e  f o r  F e ( I I I )  I s  e q u a te d  to
th® prim ary r a d ia t io n  y i e l d s  a s  f o l lo w s ;
O ( F e l l l )  = g(0H) 4 2g(H202 ) -  g(H ) (12  )
+ OH F e ( I I I )  4  OH (11a)
4 H2° 2 •* F e ( I I I )  + a s ”  + OH ( l i b )
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I f  t h i s  a q u a t io n  l a  com bined w i th  th e  one f o r  m a t e r i a l  b a la n c e ,  
G ( F e l l l )  i s  fo u n d  t o  be  e q u a l  t o  2g(H2 ) .  Thus th e  o b se rv ed  
"Gr" v a lu e  f o r  f e r r i o  io n  p r o d u c t io n  d u r in g  th e  l a t t e r  n i n e t y -  
some p e r o e n t  o f th e  r e a c t i o n  i s  s im p ly  e q u iv a le n t  t o  tw ic e  
th e  p r im a ry  y i e l d  o f  h y d ro g en  g a s .  T h is  c o n c lu s io n  i s  o f  
c o u rs e  b a se d  on th e  a s su m p tio n  t h a t  th e  m echanism  fo rm u la te d  
i s  th e  t r u e  o n e . I t  a l s o  i s  i n  a c c o rd  w i th  an  e x p re s s io n
p r e s e n te d  by Schw arz f o r  G ( F e l l l )  i n  th e  d e a e r a te d  h y d ro —
( 18 )c h l o r i c  a c id  s o l u t i o n :
d ( F e l l l )  2g(H )
® 2g(H 2 ) + - ........-...... —  (13)
d(dose) 1 + kj, ( F e l l l )
k*  ( F e l l )
w here kj, i s  th e  r a t e  c o n s t a n t  f o r  th e  r e a o t io n  b e tw een  
F e ( I I I )  and h y d ro g en  a tom s and Is* i s  th e  r a t e  o o n s ta n t  f o r  
th e  o x id a t io n  r e a c t i o n  b e tw een  F e ( I l )  and h y d ro g en  a to m s.
When th e  v a lu e  o f  k j ^ F e l l l )  becom es much g r e a t e r  th a n  t h a t  
f o r  k s ( F e l l ) ,  G ( F e l l l )  = 2g(H 2 ) .  I n  a d d i t i o n ,  i t  a g re e s  w i th
a n o th e r  e q u a t io n  p ro p o se d  by Schw arz f o r  G ( P a I I I )  i n  a e r a te d
h y d r o c h lo r ic  a c id  s o l u t i o n :
G ( F e l l l )  «  2g(H2 ) + ----- — 5?......  CO,.)
,  k 3 ( F e l l l )
( o 2 )
w here  ka and k4 a r e  th e  r a t e  c o n s t a n t s  r e s p e c t i v e l y  f o r  th e  
r e a o t io n  o f  h y d ro g en  a tom s w i th  f e r r i c  io n  and oxygen . When 
th e  c o n c e n t r a t i o n  o f  oxygen i s  z e r o ,  t h a t  i s ,  when th e  s o lu ­
t i o n s  i s  d e a e r a te d ,  G ( F e l l l )  «  2g(H 2 ) .
31*
U sin g  th e  o b se rv e d  "O'* v a lu e  f o r  P e ( I I I )  d u r in g  th e  
l a t t e r  n in e ty —f i v e  p e r c e n t  o f  th e  r a d i a t i o n  in d u ce d  o x id a t io n  
i n  th e  f o u r  h y d ro o h lo r io  a d d  s o l u t io n s  o f  i n t e r e s t ,  th e  
r e s u l t s  i n  T ab le  I I I  Wei's o b ta in e d .
T a b le  I I I
The P rim a ry  Y ie ld  o f  H ydrogen Gas a s  a 
F u n c tio n  o f  A cid  C o n c e n tr a t io n
I n i t i a l  F@ (II)
C o n c e n tr a t io n
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G ( F e l l l ) g(H2 )
0 .8 8  + 0 .0 2  0.1*1* + 0 .0 2
0 .8 8  + 0 .0 2  0.1*1* + 0 .0 2
0 .8 8  + 0 .0 2  0.1*1* + 0 . 0 2
0 .9 0  + 0 .0 2  0.1*5 + 0 .0 2
0.91* ±  0 .0 2  0.1*7 + 0 .0 2
1 .0 2  + 0 .0 2  0 .5 1  + 0 .0 2
No p o s i t i v e  r e a s o n  oan  be o f f e r e d  f o r  th e  s l i g h t  i n ­
c r e a s e  in  g(H2 ) w i th  i n c r e a s in g  a c i d i t y .  I t  may be  th e  r e ­
s u l t  o f  a g r e a t e r  p r im a ry  r a d i a t i o n  d e c o m p o s itio n  o f  th e  w a te r  
m o le c u le s .  I t  may b e  d u e , ho w ev er, t o  a s m a ll  am ount o f  
d i r e c t  i n t e r a c t i o n  o f  th e  Compton e l e c t r o n s  w i th  th e  d is s o lv e d  
a o id  s o l u t e .  N e v e r th e le s s ,  th e  v a lu e s  f o r  g(H2 ) a r e  i n  good 
ag re em e n t w i th  th e  a c c e p te d  one o f  0.1*5 f o r  th e  0.1* m o la r  a c id  
sy s te m .
In  o r d e r  t o  f i n d  o u t  i f  G ( F e l l l )  m ig h t depend on th e
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I n i t i a l  f e r r o u s  Io n  c o n c e n t r a t i o n ,  t h r e e  e x p e r im e n ts  w ere  
p e rfo rm e d  In  w hioh  th e  m o la r i ty  o f  t h i s  s o l u t e  was v a r i e d .
i
The r e s u lt s  are shown In Table H I  where the concentration  of 
hydrochloric aoid was 0 .5  molar. The behavior o f th e s e  three  
so lu tio n s  when exposed to  the ra d ia tio n  was very s im ila r . I t  
can be seen from the data th a t the nG* value fo r  F e (III )  i s  
independent of the i n i t i a l  ferrou s ch lo r id e  concentration
O S S ®  CBS@
b e tw ee n  10 and 10 m o la r .  T h is  i s  i n d i c a t i v e  o f  th e  f a c t  
th a t  th e  r e a c t io n s  betw een fe r r o u s  io n  and th© prim ary de— 
c o m p o sitio n  p ro d u cts  a r e  s u f f i c i e n t l y  slow  so  th a t  no s i g n i f i ­
c a n t  s c a v e n g in g  o c c u rs  w i th in  th e  s p u r s .
One i n t e r e s t i n g  a s p e c t  o f  th e s e  t h r e e  e x p e r im e n ts  
p r e s e n te d  i t s e l f  when th e  l i n e a r  p o r t i o n  o f  th e  d a ta  was 
e x t r a p o la t e d  t o  z e r o  e x p o su re  t im e . The e x t r a p o la t i o n s  
c o in c id e d  w i th  f e r r i o  io n  y i e l d  v a lu e s  o f  0 .0 5 , 0 .1 6 , and 
0 .^ 5  m l l l im o l a r  r e s p e c t i v e l y .  The r a t i o  o f  th e s e  t h r e e  v a lu e s  
i s  a b o u t th e  same a s  t h a t  f o r  th e  i n i t i a l  f e r r o u s  io n  c o n cen ­
t r a t i o n s  em ployed , nam ely , 1 ? 3 ;1 0 . Such a c o r r e la t io n  may 
w e l l  b© coincideincQo However, i t  may b© in terp rot© d  to  mean 
t h a t  no m a t t e r  w h a t th e  i n i t i a l  P e ( I I )  c o n c e n t r a t i o n ,  a p p ro x i­
m a te ly  5> p e r c e n t  o f  th e  r a d i a t i o n  in d u c e d  o x id a t io n  m u st have  
o c c u r re d  b e f o r e  th© b a c k  r e a c t i o n  b e tw een  f e r r i c  io n  and 
h y d ro g e n  r a d i c a l s  i s  c o m p le te ly  d o m in a n t.
H av ing  d e te rm in e d  one o f  th e  t h r e e  n e c e s s a r y  p a ra ­
m e te r s ,  w ork  was i n i t i a t e d  t o  o b t a in  th e  o t h e r s .  Once a g a in ,  
a sy s tem  was em ployed w h ich  had b e en  u se d  s u c c e s s f u l l y  f o r  
j u s t  su c h  a m easu rem en t i n  s u l f u r i c  a c id  m e d ia . T h is  was a
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d e a e ra te d  s o l u t io n  o f  fo rm ic  a o id  (10*"* m o la r)  and f a r r i o
s«*0
o h lo r id a  (10  , m o la r ) .  In  th e  HgSO^ s o l u t i o n ,  r a d i o l y s i s
( 22. )o f  t h i s  sy s tem  b r in g s  a b o u t t h .  r a d u o t io n  o f  th e  f a r r i o  io n ;  '  
The m eohanlsm  t h a t  was p ro p o se d  t o  e x p la in  t h i s  o b s e r v a t io n  
wa s :
H20 --------> H , OH, H2 , H202 (15 )
H + HC00H « H2 + GOOH (1 5 a)
OH + HCOOH = H2 0 + GOOH (15b)
P e ( I I I )  + GOOH a  F e ( I I )  + C02 + H+ ( l5 o )
P e ( I I I )  + H ® P ® (II)  + H+ ( l£ d )
Fe ( I I ) + H2 02 «  F® ( I I I ) + OH + OH* (1 5 a)
In  th e  w ork  p e rfo rm e d  i n  t h i s  l a b o r a t o r y ,  u s in g  a h y d ro -  
o h lo r io  a o id  m e d ia , no  r a d u o t io n  was o b s e rv e d . The f e r r i o  
io n  c o n c e n t r a t i o n  rem ain ed  a t  i t s  i n i t i a l  v a lu e  a f t e r  e x ­
t e n s iv e  p e r io d s  o f  e x p o su re  t o  th e  gamma s o u r c e .  What i s  
th e  r e a s o n  f o r  t h i s  d i f f e r e n c e  i n  b e h a v io r  f o r  th e  two v e ry  
s i m i l a r  system s?  iJ p o s s ib le  answ or th a t  im m ed ia te ly  p r e s e n ts  
i t s e l f  i s  th a t  th© v a r ia t io n  m ust in  scsa© way b© du® to  th® 
d i f f e r e n t  a n io n s .  A c c e p tin g  t h i s  e x p la n a t io n ,  th e  p ro b lem  i s  
t o  d e c id e  w hat ty p e  o f  a n io n  a f f e o t  c a n  b e  p o s t u l a t e d .  In  
a o id  s o l u t i o n ,  c h lo r id e  io n  i s  th o u g h t  t o  u n d e rg o  a r e a c t i o n  
w i th  th e  p r im a ry  r a d i a t i o n  p r o d u c t ,  h y d ro x y l r a d i c a l :
C l"  + OH + H+ *  C l + H2 0 (16 )
I f  th e  c h lo r in e  a tom , u n l ik e  th© h y d ro x y l r a d i c a l ,  h a s  no  
g r e a t  te n d e n c y  t o  r e a c t  w i th  fo rm ic  a c id  m o le c u le s ,  th e n
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r e a o t io n  15b i s  e l im in a te d .  Thus any  F a ( I I )  fo rm ad v ia  
r e a c t i o n s  15c and l5 d  w ould soon  r e v e r t  b a c k  to  F a ( I I I )  duo 
t o  o x id a t io n  by  h y d ro g en  p e ro x id e  and c h lo r i n e  a to m s . I t  i s  
t h e r e f o r e ,  p o s t u l a t e d  t h a t  th e  o b se rv e d  d i f f e r e n c e s  f o r  th e  
r a d i a t i o n  c h e m is try  o f  t h i s  sy s te m  i n  th e  two d i f f e r e n t  a c id  
m edia i s  m e re ly  due t o  a c h lo r id e  io n  e f f e c t .
One m ig h t n o te  t h a t ,  a l th o u g h , t h i s  e x p e r im e n t 
a f f o r d e d  no  know ledge o f  p r im a ry  r a d i a t i o n  y i e l d s , i t  do es 
su p p ort a h y p o th e s is  a s  t o  th© ro l©  o f  th© c h lo r id e  io n  in  
th® Frick® d o s im e te r . I t  h a s  b e e n  found th a t  th© a f f e c t  o f  
o rg a n ic  m a t t e r  i n  th® F rick®  s o l u t i o n  i s  t o  m a rk e d ly  in ­
c r e a s e  th e  r a d i a t i o n  y i e l d  o f  F e ( I I I )  when t h i s  s o l u t io n  
l a c k s  added  c h lo r id e  io n .  Such an  in c r e a s e  seem s t o  r e s u l t  
from  a r e a c t i o n  o f  th e  h y d ro x y l r a d i c a l  w i th  a n  o rg a n ic  
m o le c u le :
OH + HH = H20 + R- (1 7 )
In  th e  p re s e n c e  o f  a i r ,  th e  s p e c ie s  R* o an  add t o  oxygen to
f o r a  © I th e r  hyd ro lyz©  to  glv© HOg® o r  r e a c t
w ith  F©( I I ) t o  produce ® f e r r i c  io n  p lu s  hydrogen p e r o x id e , 
w h ich  oan  i n  t u r n  o x id iz e  two m ore f e r r o u s  i o n s .  E i t h e r  w ay, 
an OH r a d ic a l  w hich can r e a c t  w ith  b u t on© F e ( I I )  io n  i s  c o n ­
v e r t e d  t o  a r a d i o a l  w h ich  oan  b r i n g  a b o u t  t h e  o x id a t io n  o f  
t h r e e  f e r r o u s  i o n s .  R e c a l l  now t h a t  th e  F rick ®  s o l u t i o n  con­
t a i n s  a one m i l l im o l a r  c o n c e n t r a t i o n  o f  sodium  c h lo r id e  and 
t h a t  i n  a o id  s o l u t i o n  th® c h lo r id e  io n  i s  c o n v e r te d  t o  a 
c h lo r i n e  atom  by  r e a o t i o n  w i th  th© h y d ro x y l r a d i o a l .  The 
s p e o ie s  Cl* a p p e a rs  t o  o x id iz e  F e ( I I )  much m ore r a p i d l y  th a n
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I t  a t t a c k s  o rg a n ic  m a t t e r ,  In  c o n t r a s t  t o  th e  b e h a v io r  o f  
th e  09* r a d i c a l .  Th® r e s u l t  i s  t h a t  i n  th e  r a d i o l y s i s  o f 
th e  F r io k e  d o s im e te r  c o n ta in in g  c h lo r id e  io n  o n ly  one f e r r o u s  
io n  i s  o x id is e d  p e r  h y d ro x y l r a d i o a l  r e g a r d l e s s  o f  th e  
p re s e n c e  o f  o rg a n ic  m a t e r i a l .  T h is  i s  e x a c t ly  t h e  same ty p e  
o f  a f f e c t  we h av e  p ro p o se d  t o  e x p la in  th e  l a c k  o f  f e r r i o  io n  
r e d u c t io n  d u r in g  th e  i r r a d i a t i o n  o f  th e  fo rm ic  a e l d - f e r r i c  
c h lo r i d e  system  i n  h y d r o c h lo r ic  a c id  m ed ia .
The n e x t  a ttem p t to  determ ine th e  second param eter  
n eed ed  f o r  th e  c a lc u la t io n  o f  prim ary r a d ia t io n  y i e l d s  in ­
v o lv e d  s im p ly  th e  i r r a d i a t i o n  o f  a e r a t e d  h y d r o c h lo r ic  a c id  
s o l u t i o n s .  I n  su c h  a sy s tem  th e  s o l u t e  i s ,  i n  f a c t ,  oxygen . 
The r a d i o l y s i s  o f  t h i s  sy s tem  p ro d u ced  h y d ro g en  p e rb x id e  in  
d e c r e a s in g  y i e l d  a s  th e  a o id  s t r e n g t h  was i n c r e a s e d .  T h is  
r e s u l t  i s  shown i n  F ig u re  V I I .  The y i e l d  was n o t
d e te rm in e d  in  th e  t h r e e  m o la r  a c id  b e c a u se  i t s  r a t e  o f  p ro ­
d u c t io n  i n  t h a t  s o l u t i o n  i s  n e a r l y  n e g l i g i b l e .  I t  sh o u ld  be 
not©d th a t  th© p l o t  i s  in  term s o f  th© a c tu a l  o b se rv e d  y ie ld  
o f  h y d ro g en  p e ro x id © . T h is  I s  n o t  t o  to© c o n fu se d  w ith  th© 
p r im a ry  r a d i a t i o n  y i e l d  o f  t h i s  p r o d u c t .  The d e c r e a s e  i n  
th© o b se rv e d  "G" v a lu e  f o r  HgOg w i th  in c r e a s in g  a c id i t y  in ­
d i c a t e s  t h a t  some p r o c e s s  w h ich  rem oves th e  p e ro x id e  m o le o u le s  
o r  t h e i r  p r e c u r s o r s  i s  o c c u r r in g  and becom es m ore e f f l o l e n t { 
th e  g r e a t e r  th e  a o id  c o n c e n t r a t i o n .
S w o rsk i h a s  m easu red  th e  y i e l d  o f  h y d ro g en  p e ro x id e  
in  a e ra ted  HgSO^ s o lu t io n  a s  a fu n c t io n  o f  brom ide and c h lo ­
r i d e  c o n c e n t r a t i o n . 2^)  j n  th e s e  s o l u t i o n s ,  gfH g) I s  
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w hioh  w i l l  soon  be  made c l e a r .  The o b se rv e d  y i e l d  o f  p e r ­
o x id e  was g iv e n  b y :
G ^ ^ C l  = 2S<H2°2>C1 -  S(H2 ) ( l 8 >
i s  th e  h a l i d e  c o n c e n t r a t i o n  was I n c r e a s e d ,  Gr(H202 ) d e o re a s e d
and a s  a r e s u l t  so  d id  th e  c a l c u l a t e d  g(H202 ) .  The m echanism  
p ro p o se d  t o  e x p la in  th e s e  o b s e r v a t io n s  was a s  f o l lo w s :
h 2o — y  H, OH, H2 , H20 (19 )
H + 02 •+ H02 (19®)
Cl”  + OH + H+ 01 + H20 (19b)
C l + H02 HC1 + 02 (1 9 c)
C l + H202 -* HC1 + H02 (19d)
A cco rd in g  t o  t h i s  schem e, two h y d ro g en  a tom s c a n  p ro d u c e  one
p e ro x id e  m o le o u le  and two h y d ro x y l r a d i c a l s  o an  d e s t r o y  one 
p e ro x id e  o r  i t s  p r e c u r s o r s .  T h is  c a n  b e  sum m arized a s :
G(H202 ) = g(H2 02 ) + ig (H )  -  ig (O H ) (20)
T h is  e x p re s s io n  when com bined w i th  th e  e q u a t io n  o f  m a t e r i a l  
b a la n c e  g iv e s  e q u a t io n  1 8 . The r a t e  o f  r e a o t io n  o f  Cl”  w i th  
OH r a d i c a l  (E q u a tio n  16) would be e x p e c te d  to  in c r e a s e  w i th  
in c r e a s in g  a c id  c o n c e n t r a t i o n .  Thus th e  Cl . sh o u ld  be  more 
e f f i o i e n t  i n  r e d u c in g  G(H202 ) q-^  a t  h ig h e r  a o id  c o n c e n t r a t i o n s  
a s  was o b se rv ed  by  S w o rsk i. I n  a d d i t i o n ,  th e  h a l i d e  atom  w i l l  
n o t  r e a c t  w i th  h y d ro g en  g a s  w h ich  e x p la in s  why g(H2 ) i s  n o t  
d e p e n d e n t on c h lo r i d e  c o n c e n t r a t i o n .
I t  i s  p ro p o se d  t h a t . t h e  same m echanism  i s  o p e r a t iv e
In  th e  r a d i a t i o n  c h e m is try  o f  th e  h y d r o c h lo r ic  a c id  s o l u t io n s  
a s  I n v e s t ig a te d  In  t h i s  w ork . A c c e p tin g  t h i s  p r o p o s a l ,  th e  
f o l lo w in g  p r im a ry  r a d i a t i o n  y i e l d s  a r e  o b ta in e d  f o r  h y d ro g en  
p e ro x id e  when th e  a p p r o p r i a t e  v a lu e s  f o r  G(H202 ) and g(H2 J 
a r e  s u b s t i t u t e d  i n  e q u a t io n  1 8 .
T ab le  IV
P rim a ry  Y ie ld  o f  H ydrogen P e ro x id e  a s  a 
F u n c t io n  o f  A cid C o n c e n tr a t io n
HC1(m oles l i t e r ” * )  G(H202 ) g(H2 ) g(H2Q2 )
0 .5  0 .3 5  + 0 .0 2  0 .1 * 4 +  0 .0 2  0.1*0 + 0 .0 2
1 .0  0 .1 2  + 0 .0 2  0 .4 5  + 0 .0 2  0 .2 9  + 0 . 0 2
2 .0  0 .0 3  + 0 .0 2  0 .4 7  ±  0 .0 2  0 .2 5  + 0 .0 2
S in c e  S w o rsk i had fo u n d  e m p i r i c a l l y  t h a t  th e  d e o re a s e  
i n  g(H202 )g ^  i s  a l i n e a r  f u n c t io n  o f  th e  cube r o o t  o f th e
h a l i d e  c o n c e n t r a t i o n ,  th® p o s s i b i l i t y  t h a t  a s i m i l a r  r e l a t i o n ­
s h ip  i s  o p e r a t i v e  In  t h i s  s tu d y  was i n v e s t i g a t e d .  F ig u r e  V I I I  
i l l u s t r a t e s  t h a t  J u s t  su c h  a c o r r e l a t i o n  d o es  h o ld  t r u e .  Some 
o f  S w orsk i * a d a ta  o b ta in e d  i n  0 .4  M H2 S0^ i s  in c lu d e d .  Hot® 
t h a t  t h i s  g ra p h  i s  p l o t t e d  i n  te rm s  o f  h y d r o c h lo r ic  a c id ,  n o t  
J u s t  c h lo r id e  io n  c o n c e n t r a t i o n .  I t s  l i n e a r i t y  i n d i o a t e s  
t h a t  t h e r e  i s  n o  e f f e o t  o f  h y d ro g en  io n  c o n c e n t r a t i o n  o v e r  
th e  ra n g e  s t u d i e d .  The e x t r a p o l a t i o n  t o  z e r o  h y d ro d h lo r io  a c id  
c o n c e n t r a t i o n  a s  shown g iv e s  a v a lu e  0 .8  lons/LO O e v . f o r  th e  
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p r e s e n t .  T h is  v a lu e  I s  i n  e x c e l l e n t  a g re em e n t w i th  th e  one 
d e te rm in e d  in  0.1}. m o la r  s u l f u r i c  a c id  and t h e r e f o r e  i n d i ­
c a t e s  t h a t  t h e  a o tu a l  p r im a ry  y i e l d  o f  h y d ro g en  p e ro x id e  i s  
e s s e n t i a l l y  o o n s ta n t  o v e r  th e  a o l d i t y  ra n g e  u n d e r  i n v e s t i ­
g a t i o n .  i
The two p r im a ry  r a d i a t i o n  y i e l d s  d e te rm in e d  th u s  f a r  
f o r  th e  h y d r o c h lo r ic  a c id  m edia c o in c id e  v e ry  w e l l  w i th  th e  
v a lu e s  ob ta in ed  in  O.lj. M HgSO^. i s  p o in te d  o u t p r e v io u s ly ,  
t h i s  c o n fo rm ity  betw een th e  two a c id  system s i s  c e r t a in ly  t o  
be ex p ected  sine©  th e  p a r t ic u la r  a c id  employed sh ou ld  have  
no in f lu e n c e  on th e  p r im a ry  y i e l d s .  T hese may be  a f f e c t e d  
o n ly  by th e  h y d ro g en  ion  c o n c e n t r a t i o n .
E f f o r t s  t o  d e te rm in e  th e  t h i r d  and l a s t  p a ra m e te r  
i n  th e  HC1 m edia u n f o r t u n a t e l y  p ro v ed  t o  b e  f r u i t l e s s ,  
a l th o u g h  c e r t a i n  o t h e r  sy s te m s  w ere  i n v e s t i g a t e d .  B ecause  
o f  t h i s ,  i t  was d e c id e d  t o  o b t a in  t h i s  in f o r m a t io n  in  HgSO^ 
s o l u t io n s  o f  th e  a p p r o p r i a t e  a c i d i t i e s .  The v a l i d i t y  o f 
u s in g  th e  prim ary y i e ld  q u a n t i t i e s  measured in  t h i s  a c id  
system  has been d is c u s se d  b e fo r e .  There seems t o  b© no  
d o u b t th a t  t h i s  i s  a l e g i t i m a t e  p ro c e d u re  t o  f o l lo w .
S in c e  th e  r a d i a t i o n  in d u ce d  o x id a t io n  o f  f e r r o u s  io n  
i n  s u l f u r i c  a c id  s o l u t i o n  (0.1}. m o la r)  i s  th e  m ost w id e ly  
s tu d ie d  sy s tem  i n  th e  r a d i a t i o n  c h e m is try  o f  aq u eo u s s o lu ­
t i o n s ,  i t  seemed b e s t  t o  u se  t h i s  r e a c t i o n  to  o b t a in  th e  
t h i r d  p a ra m e te r .  I n  d o in g  s o ,  i t  was assum ed t h a t  th e  
mechanism proposed  f o r  th e  0.1}. m o la r  a c id  system  (E q u a tio n  
6a—6e) i s  v a l i d  a l s o  f o r  th e  h ig h e r  a c i d i t y  s o l u t i o n s .  S in c e
1*2*.
t h i s  r e a o t i o n  p ro d u o o s  f e r r i o  i o n ,  i t  was n e c e s s a r y  t o  s e c u re  
a c a l i b r a t i o n  f o r  t h i s  p r o d u c t .  The m ethod em ployed in  d o in g  
t h i s  i s  d e s c r ib e d  i n  th e  e x p e r im e n ta l  s e c t i o n .  The d a ta  ob­
t a in e d  in  t h i s  d e te r m in a t io n  i s  g iv e n  i n  T ab le  V.
T ab le  V
The M olar E x t i n c t i o n  C o e f f i c i e n t  o f  F e r r i c  Io n
i n  0 .5 ,  1 . 0 ,  2 .0 , and 3 .0  M olar HgSO^
HgSO^ (m o les l i t e r " * ) ( £  ) l i t e r s  m ole"*  m in .”’1 *  m a x ^
O.ij. 2167 305
0 .5 2167 305
1 .0 2183 305
2 .0 2210 305
3 .0 i 22^3 305
The e x t i n c t i o n  c o e f f i c i e n t  f o r  th e  O.ij. m o la r  a c id s o l u t io n
i s  i n  good a g re em e n t w i th  th e  r e p o r t e d  v a lu e s  o f 2 2 0 1 and
217k-l6)
The r e s u l t s  f o r  th e  r a d i o l y s i s  o f  th e  v a r io u s  f e r r o u s
i
io n — s u l f u r i c  a o id  s o l u t i o n s  i s  shown i n  T ab le  V I.
Table VI
G ( F e l l l )  a a  a F u n c tio n  o f  H2S0^ C o n c e n tr a t io n
H2 S0^ (m o les  l i t e r ' " * )  G ( F e l l l )
0 .5  1 5 .7  + 0 .0 2
1.0 154 ± 0.02
2 .0  15.5  ± 0.02
3 .0  1 5 4  ±  0 .0 2
In  e a c h  c a s e  f e r r i c  io n  p r o d u c t io n  was l i n e a r  w i th  r e s p e c t  
t o  do se  f o r  a t  l e a s t  n i n e t y  p e r c e n t  o f  th e  r e a c t i o n .  S in c e  
i t  i s  assum ed t h a t  th e  m eohanism  i s  th e  same a s  p r e s e n te d  in  
e q u a t io n  6 a—6 e , i t  i s  p o s s ib l e  t o  e q u a te  th e  "G” v a lu e s  f o r  
F e ( I I I )  t o  th e  p r im a ry  r a d i a t i o n  y i e l d s  a s  f o l lo w s :
G ( F e l l l )  = g(0H ) + 2g(H202 ) + 3g(H) (21)
C om bining t h i s  e q u a t io n  w i th  th e  o th e r  p r e v io u s ly  d e te rm in e d
p a r a m e t e r s ,  i t  i s  fou nd ' t h a t  p r im a r y  y i e l d  v a lu e s  ar® 
e s s e n t i a l l y  c o n s t a n t  o v e r  th e  a c i d i t y  rang® o f  i n t e r e s t .
T h at i s ,  g(H) = 3 .6 5 ;  g(0H )=  2 .9 2 ;  g(H2 ) = 0 4 5 ;  and g(H2 02 )=
0 . 8 0 .
Up to  t h i s  p o i n t ,  th e  d i s c u s s io n  h a s  b een  c o n ce rn e d  
w i th  th e  d e te r m in a t io n  o f  p r im a ry  p ro d u c t  y i e l d s .  The s t u d i e s  
in v o lv e d  w i th  t h e s e  d e te r m in a t io n s  a r e  c e r t a i n l y  o f  i n t e r e s t
in  th e m s e lv e s .  They hav e  p ro v id e d  a c o r r o b o r a t io n  f o r  
p r e v io u s ly  r e p o r t e d  c o n c lu s io n s .  I n  a d d i t i o n ,  i t  i s  hoped
I
t h a t  t h i s  p h a se  o f  th e  w ork  w i l l  g iv e  some I n s i g h t  i n t o  w hat
k6
p r o c e s s e s  a r e  o c c u r r in g  in  th e  r a d i a t i o n  In d u ced  r e a c t i o n  
w i th  w h ich  t h i s  I n v e s t i g a t i o n  i s  p r i n c i p a l l y  c o n c e rn e d . B u t, 
c e r t a i n l y ,  t h e i r  m o st im p o r ta n t  c o n t r i b u t i o n  h a s  b een  to  
e s t a b l i s h  a f i r m  fo u n d a t io n  f o r  a q u a n t i t a t i v e  i n t e r p r e t a t i o n  
o f  th e  r e s u l t s  f o r  th e  gamma r a y  in d u ce d  o x id a t io n  o f  s t a n ­
nous c h lo r id e  i n  aq u eo u s h y d ro o h lo r io  a c id  s o l u t i o n s .
P roduct Cal i b r a t i o n . — i s  m entioned in  th e  in t r o ­
d u c t io n  to  t h i s  t h e s i s ,  th e  gamma r a d io ly s i s  p ro d u cts  o f  th e  
aqueous stan nou s c h lo r id e —h y d r o c h lo r ic  a c id  system  are s ta n ­
n ic  t i n  and hydrogen g a s . A stu d y  o f  th e  r a d ia t io n  ch em istry  
o f  t h i s  sy s tem  n a t u r a l l y  in v o lv e s  a q u a n t i t a t i v e  m easu rem en t 
o f  th e  r a d i a t i o n  y i e l d  f o r  th e s e  two p r o d u c t s .  The a n a l y t i ­
c a l  te c h n iq u e s  em ployed t o  p e rfo rm  th e s e  m easu rem en ts  have  
b een  d e s c r ib e d  i n  th e  e x p e r im e n ta l  s e c t i o n ,  i l l  t h a t  n eed  be 
done h e r e ,  b e f o r e  c o n s id e r in g  th e  a c t u a l  f i n d in g s  f o r  th e  
Sn(IV) end H2 y i e l d s ,  i s  t o  d i s c u s s  th e  r e s u l t s  o f  th e  c a l i ­
b r a t i o n  f o r  th e s e  two p r o d u c t s .
S t a n n ic  T in
The p o la ro g r a p h io  p i c t u r e  o b ta in e d  f o r  th e  r e d u c t io n  
o f  Sn(IV ) a t  th e  d ro p p in g  m erc u ry  e l e c t r o d e  i s  i n  good a g re e ­
m ent w i th  t h a t  i n  th e  l i t e r a t u r e  (See F ig u re  I I ) .  & v a lu e  o f  
—0 .2 6  v o l t s  was o b se rv ed  f o r  th e  h a l f  wave p o t e n t i a l  o f  th e  
f i r s t  r e d u c t io n  w ave. T h is  i s  i n  good ag re em e n t w i th  th e  
p u b l is h e d  v a lu e  o f  —0 .2 5  v o l t s .  The d i f f e r e n c e  h e r e ,  i f  a t  
a l l  s i g n i f i c a n t ,  may be due t o  th e  d i s s i m i l a r i t y  o f  th e  sup­
p o r t i n g  e l e c t r o l y t e s  u se d  in  th e  two s t u d i e s .  I t  w i l l  be
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r e c a l l e d  t h a t  a n  e l e c t r o l y t e  w h ich  h a d , in  p a r t ,  a f o u r  
m o la r  c o n c e n t r a t i o n  In  ammonium o h lo r ld e  was em ployed i n  
th e  e a r l i e r  w ork . T h is  i n v e s t i g a t i o n  u sed  a s i m i l a r  e l e c t r o - '  
l y t e  w i th  th e  e x c e p t io n  t h a t  th e  ammonium o h lo r ld e  c o n c e n tr a ­
t i o n  was two m o la r .
The c a l i b r a t i o n  f o r  th e  p ro d u c t  Sn(IV ) was o b ta in e d  
by m e a su r in g  th e  d i f f u s i o n  c u r r e n t  d e v e lo p e d  i n  th e  f i r s t  
p o la ro g ra p h io  wave f o r  th e  r e d u c t io n  o f  known c o n c e n t r a t io n s  
o f  Sn(XV). These m easurem ents gave th e  c o r r e la t io n  i l l u s ­
tr a te d  in  F ig u re  IX. The cu rv a tu re  o f  t h i s  p lo t  a s  i t  pro­
c e e d s  t o  h ig h e r  s t a n n ic  io n  c o n c e n t r a t io n s  i s  p ro b a b ly  r e l a t e d  
i n  some way to  a v a r i a t i o n  i n  s t a n n ic  i o n - c h l o r id e  io n  com— 
p le x in g .
An e x p e r im e n t was p e rfo rm ed  t o  t e s t  th e  s e n s i t i v i t y  
o f  t h i s  c a l i b r a t i o n ,  s p e c i f i c a l l y  f o r  d e t e c t i n g  r a t h e r  s m a ll  
c h an g e s  i n  s t a n n ic  io n  c o n c e n t r a t i o n  i n  th e  p re s e n c e  o f  
r e l a t i v e l y  l a r g e  q u a n t i t i e s  o f  b o th  S n ( I I )  and S n (IV ) . A
one m o la r  h y d r o c h lo r ic  a c id  s o l u t i o n  was prepared w hich  oon— 
t a l n e d  6 x  10 m o la r  s ta n n o u s  c h l o r i d e  p l u s  a sm a ll  amount 
o f  S n (IV ) . A volum e o f  t h i s  s to c k  s o l u t i o n  was m ixed w i th  
f i v e  m i l l i l i t e r s  o f  a 6 x  10” s  s t a n n ic  o h l o r ld e ,  one m o la r  
h y d r o c h lo r ic  a c id  s o l u t i o n .  The m ix tu re  was th e n  a n a ly s e d  
p o l a r o g r a p h lo a l l y .  T h is  p r o c e s s  was r e p e a te d  s e v e r a l  t im e s  
u s in g  d i f f e r e n t  vo lum es o f  th e  s ta n n o u s  o h lo r ld e  s o l u t i o n .  
S in c e  th e  c o n c e n t r a t i o n  o f  S n(IV ) i n  th e  s ta n n ic  c h lo r id e  
s to c k  s o l u t i o n  was known, i t s  c o n t r i b u t i o n  to  th e  a n a l y s i s  
was e a s i l y  c a l c u l a t e d .  E ach  a n a l y s i s  d id ,  o f  o o u r s e ,  i n ­


















Sn(IV) x 104 ( moles liter**1 )
f i v e  m i l l i l i t e r  a l i q u o t  o f  a ta n n lo  c h lo r id e  s to c k  s o l u t i o n .  
T h is  a p p a r e n t  i n c r e a s e  was a d i r e c t  r e s u l t  o f  th e  s m a ll  
am ount o f  Sn(IV ) i n  th e  s ta n n o u s  c h lo r id e  s to c k .  B eoause th e  
volum e o f  t h i s  s to c k  s o l u t i o n  u sed  was i n  e a c h  c a s e  a m easu re  
o f  th e  c o n c e n t r a t i o n  o f  Sn(IV ) " im p u r i ty "  i n  t h a t  vo lum e, a 
g ra p h  r e p r e s e n t i n g  th e  i n c r e a s e  i n  S n(IV ) m o la r i t y  r e l a t i v e  
t o  t h i s  volum e sh o u ld  be  l i n e a r ,  i f  th e  a n a l y s i s  i s  s e n s i t i v e  
t o  s m a ll  ch an g es  i n  s ta n n ic  t i n  c o n c e n t r a t i o n .  T h is  p l o t  i s  
shown in  F ig u re  X and th e  c o n s t a n t  slop©  o f th e  c u rv e  t e s t i ­
f i e s  f o r  th e  m e r i t  o f  th e  a n a l y t i c a l  t e c h n iq u e .
H ydrogen G-as
A g a s  c h ro m a to g ra p h ic  a n a l y s i s  o f  h y d ro g en  em p loy ing
(25)m o le c u la r  s i e v e  5A a s  a colum n p a c k in g  h a s  b e e n  r e p o r t e d .
The oolum n te m p e ra tu re  and c a r r i e r  g a s  i n  t h a t  s tu d y  w ere 
d i f f e r e n t  from  t h a t  u sed  i n  t h i s  w ork  so  no  c o m p a riso n  c a n  
be m ade. I n  t h i s  a n a l y s i s  th e  r e t e n t i o n  tim e  f o r  th e  h y d ro ­
g en  was a b o u t 1 m in u te  a t  th e  n i t r o g e n  o a r r i e r  g a s  f lo w  r a t e  
o f  3© m i l l i l i t e r s  p©r m lnut© . Sine® th© chrom atogram  p e a k s  
w ere  s y m m e tr ic a lly  e x c e l l e n t ,  th e  h e ig h t s  o f  th e s e  w ere  ta k e n  
a s  a m easu re  o f  th e  num ber o f  m o les o f  th e  g a s .  The r e l a t i o n ­
s h ip  b e tw ee n  th® r e c o r d e r  r e s p o n s e  i n  m i l l i v o l t s  and th e  
am ount o f  h y d ro g en  i n  m o les  i s  shown a s  th e  c a l i b r a t i o n  c u rv e  
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K in e t i c  R e s u l t s . — The two p r o d u c t s ,  S n(IV ) and Hg, 
w ere  In  a l l  o a s e s  p ro d u ce d  a t  a c o n s t a n t  r a t e  w i th  r e s p e o t  
t o  th e  tim e  o f  e x p o su re  o f  sam ple, s o l u t i o n  t o  th e  gamma 
r a d i a t i o n .  T h at I s ,  u n d e r  a g iv e n  s e t  o f  I n i t i a l  c o n d i t i o n s ,  
th e  MGM v a lu e s  f o r  th e  two s p e o le s  w ere  fo u n d  t o  be In d e p e n ­
d e n t  o f  th e  t o t a l  r a d i a t i o n  d o s e . T h is  was t r u e  f o r  a t  l e a s t  
n i n e t y  p e r c e n t  o f  r e a c t i o n .  T y p ic a l  p l o t s  i l l u s t r a t i n g  t h i s  
a r e  g iv e n  I n  F ig u r e s  X II  and X I I I .  Th® f a c t  t h a t  su ch  l i n e a r  
r e l a t i o n s h i p s  a r e  c h a r a c t e r i s t i c  o f  th® r a d i a t i o n  c h e m is try  
o f  th e  s ta n n o u s  c h lo r id @ ® h y d ro c h lo r ie  a c id  system  i s  in d ic a ­
t i v e  o f  two im p o r ta n t  c o n c lu s io n s .  F i r s t  o f  a l l ,  d i s s o lv e d  
oxygen was n o t  p r e s e n t  to  any  s i g n i f i c a n t  e x te n t  d u r in g  th e  
i r r a d i a t i o n s .  I f  i t  w as, th e  r a t e  o f  p ro d u c t  f o r m a t io n  w ould 
be  a l t e r e d  a t  some p o i n t  w here a l l  th e  oxygen had  b e en  con­
sum ed. S e c o n d ly , su c h  r e s u l t s  im p ly  t h a t  n o  b a ck  r e a c t i o n
in v o lv in g  S n ( I¥ )  i s  o c c u r r in g .  T h at t h i s  i s  a c t u a l l y  th e
( 11)
c a s e  h a s  b een  d e m o n s tra te d  by A m ell and was v e r i f i e d  in
t h i s  i n v e s t i g a t i o n .
T ab les ¥11 and ¥111 in  th© A ppend ix  g iv e  th© l i s t  o f  
d a ta  f o r  th e  o b se rv e d  y i e l d s  o f  S n (I¥ )  and Hg, r e s p e c t i v e l y ,  
a s  a f u n c t io n  o f  h y d r o c h lo r ic  a c id  c o n c e n t r a t io n  and i n i t i a l  
s ta n n o u s  c h lo r i d e  c o n c e n t r a t i o n .  Th® c a l c u l a t i o n s  p e rfo rm ed  
t o  o b ta in  th e  v a lu e s  l i s t e d  in  th e s e  T a b le s  a r e  d e m o n s tra te d  
be low  f o r  b o th  p r o d u c ts .
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E£gure XII
Yield of Sa(lV) as a 
VUnotlon of Exposure Tiae 





























Yield of Hydrogen Oas as a 
Function of Exposure Time
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Exam ple C a lc u la t io n s  f o r  G r(Sn lV ) and g f l ^ )
G (S n IV ): D ata from  sam ple  C — 5 ,  T ab le  V II
1 .  R ate  o f  Sn(IV ) f o r m a t io n  *  1 .3 3  x  id""* m o les 
l i t e r " *  hour""*.
2 .  Dose R a te  *  0 .9 8  x  101T e l e c t r o n  v o l t s  gram "4 
min.*"’1 .
3 .  Time = 60 m ln . hour""1 .
I *s»Xi|.. D e n s i ty  o f  sam ple  s o l u t io n  = 1032 gram s l i t e r  . .
G (SnIV) = 1 .3 3  x  10~* x  6 .0 2 3  x  10®®-    _  — .. x  100 = 1 .3 2  io n s
0 .9 8  x  lO 17 x  60 x  1032 lo o  e v .
I
G(H2 ) :  D ata  from  sam ple  E — 3 ,  T ab le  V I I I
1 .  R a te  o f  h y d ro g en  f o r m a t io n  = 1 .0 3  x  10""® 
m o les  h o u r" 1 .
2 .  Dose R a te  = 0 .9 2  x  1017 e l e c t r o n  v o l t s  g ram "1 min."*1
3 .  Time = 60 m in . h o u r" 1 .
4 .  D e n s i ty  o f  sam ple s o l u t io n  = 1 .0 0 7  gram s oo .~’1 .
5 .  Volume o f  sam ple s o l u t io n  =  10 c o . ( I n  a l l  o a s e s )
G(H?) «  1 .0 3  x  10 x  6 .0 2 3  x  10 _  ,  ,  „ ,  ,*     i .I. .in— ■ i '■ i in. mu i im Hi. * .I.... i in ... x  100 = 1 .1 2  m o le o u le s
0 .9 2  x  101,7 x  60  x  1 .0 0 7  x  10 100 e v .
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The r e s u l t s  f o r  Sn(IV ) p r o d u c t io n  a r e  I l l u s t r a t e d  in  
F ig u re  XIV w here  th e  "Gr" v a lu e s  f o r  t h i s  p ro d u c t  a r e  p l o t t e d  
a s  a f u n c t io n  o f  th e  i n i t i a l  c o n c e n t r a t i o n  o f  S n ( I I ) .  E ach  
o f  th e  f o u r  c u rv e s  i s  f o r  a d i f f e r e n t  m o la r i ty  o f  h y d ro c h lo ­
r i c  a c id  a s  i n d i o a t e d .  These p l o t s  i l l u s t r a t e  c e r t a i n  im­
p o r t a n t  a s p e c t s  o f  th e  gamma r a y  in d u ced  o x id a t io n —r e d u c t io n  
p r o c e s s .  The f o u r  c u rv e s  a r e  p a r a l l e l  t o  one a n o th e r  o v e r  
th e  w hole  ra n g e  o f  S n ( I I )  c o n c e n t r a t i o n  s t u d i e s .  F o r  th e  
l a t t e r  p o r t i o n  o f  t h i s  rang® , Cr(SnlV) i s  v i r t u a l l y  a c o n s ta n t  
v a lu e  d ep en d in g  o n ly  on a c i d  c o n c e n t r a t i o n .  T h is  p o r t io n
ea©
s t a r t s  a t  ah  i n i t i a l  S n ( I I )  c o n c e n t r a t i o n  o f  a b o u t 6 x  10 
m o la r  and c o n t in u e s  up to  a t  l e a s t  10 m o la r .  The f a c t  
t h a t  t h e r e  i s  t h i s  r e g io n  w here  G r(SnlV ) i s  in d e p e n d e n t o f 
i n i t i a l  s ta n n o u s  io n  c o n c e n t r a t i o n  a rg u e s  w e l l  f o r  th e  con­
c lu s io n  t h a t  S n ( I I )  i n  th e  ra n g e  s tu d ie d  i s  n o t  r e a c t i n g  
w i th  th e  f r e e  r a d i c a l  p r im a ry  r a d i a t i o n  p r o d u c ts  r a p i d l y  
enough  to  i n t e r f e r e  w i th  th e  r e c o m b in a t io n  p r o c e s s e s  o f  th e s e  
s p e c ie s  w i t h i n  th® s p u r s .  Such b e h a v io r  i s  p a r a l l e l  t o  t h a t  
f o r  th® f e r r o u s  i o n  sy s te m .
The lo w e r  s e c t i o n  o f  th e  c u rv e s  shows an  o b v io u s  de­
pen d en ce  o f p r o d u c t  ”Gn v a lu e s  on th e  I n i t i a l  s ta n n o u s  io n  
c o n c e n t r a t i o n .  T h is  r e a c t i o n  c h a r a c t e r i s t i c  i s  p o s t u l a t e d  
a s  b e in g  th e  r e s u l t  o f  c o m p e tin g  r e a o t l o n s .  The n a tu r e  o f  
t h i s  c o m p e t i t io n  w i l l  be  d is o u s s e d  l a t e r .
The a f f e c t  o f  h y d r o c h lo r ic  a c id  c o n c e n t r a t i o n ,  e v i ­
d e n t  i n  th® p r e v io u s ly  m en tio n ed  f i g u r e ,  i s  i l l u s t r a t e d  ev en  
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p l o t t e d  a g a i n s t  th e  a c id  c o n c e n t r a t i o n  f o r  t h r e e  i n i t i a l  
s ta n n o u s  io n  m o l a r i t i e s .  The l a r g e  i n f lu e n c e  o f  a c id  con­
c e n t r a t i o n  i s  d e f i n i t e l y  n o t  due t o  an y  v a r i a t i o n  i n  p r im a ry  
p ro d u c t  y i e l d s  s in c e  t h e s e  w ere  shown to  be  e s s e n t i a l l y  con­
s t a n t  i n  th e  r e g io n  o f  i n t e r e s t .  T h is  in f lu e n c e  i s  a lm o s t  
e x c lu s iv e ly  an  a f f e c t  “o f  h y d ro g en  io n  c o n c e n t r a t i o n  and n o t  
due t o  any  g r e a t  e x te n t  t o  t h a t  o f  th e  c h lo r id e  i o n .  T h is 
can  be deduced  from  th e  w ork o f  J m e l l ^ ^  who found o n ly  a 
r a th e r  s l i g h t  a f f e c t  o f  c h lo r id e  c o n c e n tr a t io n  on G(SnXV).
On© in t e r e s t in g  a s p e c t  o f  th® r e s u l t s  shown in  
F ig u re  XV h a s  t o  do w i th  th® o b se rv e d  (J(SnlV ) v a lu e s  in  th e
0 .5  m o la r  a c id  sy s te m . T hese v a lu e s  d e v ia te  from  th e  l i n e a r  
c u rv e s  o b ta in e d  fro m  su c h  q u a n t i t i e s  i n  th e  o t h e r  t h r e e  a c id  
s y s te m s . A p l a u s i b l e  e x p la n a t io n  f o r  t h i s  i s  t h a t  i n  th e  
lo w e r  a c i d i t y  r e g io n  h y d r o ly s i s  s p e c ie s  o f  S n ( I I )  a r e  i n  co n ­
s i d e r a b l y  g r e a t e r  abundance  th a n  in  th e  m ore a c id  s o l u t i o n s .
. .  +•
These h y d roxy  c o m p lex e s , su ch  a s  S ^ l O H ^ .  , m ig h t w e l l  be
ex p ected  to  r e a c t  w ith  th® prim ary r a d ia t io n  p ro d u cts  a t  a 
much d i f f e r e n t  ra t©  t h a n  th© c h l o r i d e  com plexes  w h ic h  pr@=> 
d o m in a te  ©t th e  h ig h e r  a c id  c o n c e n t r a t i o n s .  Thus th e  wGrw 
v a lu e s  f o r  Sn(IV ) i n  th© 0 .5  m o la r  h y d r o c h lo r ic  a c id  sy s tem  
a r e  in f lu e n c e d  by  n o t  o n ly  th® a c id  s t r e n g t h ,  b u t  a l s o  by 
th e  a c t u a l  S n ( I I )  s p e c ie s  w h ich  e x i s t  i n  t h a t  sy s te m . The 
h y d r o ly s i s  p r o d u o ts ,  s in c e  th e y  a r e  so  d i f f e r e n t  fro m  th e  
c h lo r id e  c o m p lex e s , a r e  o x id iz e d  a t  a s u f f i c i e n t l y  d i f f e r e n t  
ra t®  so  t h a t  th e  v a lu e s  f o r  G-(SnlV) a r e  a l t e r e d  from  w hat 
th e y  w ould have  b een  i f  th e  r e a c t i n g  s p e c ie s  had  b e en  s t a n -
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noua io n - c h l o r id e  io n  c o m p lex e s .
I t  sh o u ld  be  n o te d  t h a t ,  f o r  a g iv e n  i n i t i a l  o o n o e n - 
t r a t i o n  o f  s ta n n o u s  c h l o r i d e ,  Gt(SnlV) i s  l i n e a r l y  r e l a t e d  t o  
th e  cube r o o t  o f  th e  h y d r o c h lo r ic  a o ld  c o n c e n t r a t i o n .  T h is  
r e l a t i o n s h i p  i s  e m p lr io a l  and t h e r e  seem s t o  be  n o  g r e a t  
s i g n i f i c a n c e  t h a t  c a n  be  a t t a c h e d  to  i t .
The c h a r a c t e r i s t i c s  o f  th e  r a d i o l y s i s  a s  d is c u s s e d  
c an  be e x p la in e d  on th e  b a s i s  o f  th e  f o l lo w in g  m echanism :
H2 Q — > H , OH, H2 H2 Q2 (22  )
S n ( I I )  4- OH =  S n ( I I I )  4- 0H~ (2 2 a )
S n ( I I )  + H202 *  S n ( I I I )  4- OH + 0H~ (22b)
S n ( I I )  4- E + H+ = S n ( I I I )  4- H2 (22o )
S n ( I I )  4- H = S n ( I )  4- H+ (226)
S n ( I )  4- OH »  S n ( I I )  + 0H~ (2 2 e )
S n ( I )  4- S n ( I I I )  *  2 S n ( I I )  (2 2 f )
S im i la r  r e a c t i o n s  c a n  b e  w r i t t e n ,  o f  c o u r s e ,  f o r  S n ( I I I )
i n t e r a c t i n g  w i th  th e  v a r io u s  p r im a ry  r a d i a t i o n  p r o d u c t s .
essp *§■
The p o s s ib l e  r e a c t i o n ,  OH 4 C l + 1 . = C l + H20 , w i l l  n o t  
a f f e c t  th e  a rgum en t s in c e  C l and OH r e a c t  i n  an  i d e n t i c a l  
m an n er.
I f  th e  S n ( I I )  was r e a c t i n g  o n ly  w i th  OH and H202 , 
th e  y i e l d  o f  s t a n n ic  t i n  w ould  be  g iv e n  b y :
(x(SnlV) = 1 /2  g (OH) 4- g (H2 02 ) (23)
U sin g  th e  a p p r o p r i a te  p r im a ry  y i e l d  v a lu e s ,  G(SnIV) w ould 
th e n  e q u a l  a b o u t 2 .2 6 .  The o b se rv e d  nG-n v a lu e s  f o r  t h i s  
p r o d u c t  w ere  c o n s id e r a b ly  l e s s  in  a l l  c a s e s .  R e a c tio n s  22d—
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2 2 f ,  p o s t u l a t e d  f i r s t  by  B o y le^ 2^  and th e n  by A m ell^1" ^ ,  
e x p la in  th e  lo w e r  “G" v a lu e s  o b ta in e d .  R e d u c tio n  in v o lv in g  
S n(IV ) and H atom s c a n n o t  be  in o lu d e d  s in c e  s t a n n ic  t i n  h a s  
no  a f f e c t  on th e  in d u ce d  o x id a t io n .
The o b se rv e d  y i e l d s  o f  h y d ro g en  g a s  made i t  n e c e s s a r y  
t o  p o s t u l a t e  r e a o t io n  2 2 c . The a b i l i t y  o f th e  h y d ro g en  atom  
t o  a c t  a s  an  o x id iz in g  a g e n t  h a s  been  d is c u s s e d  p r e v io u s ly  
i n  c o n n e c t io n  w i th  th e  r a d i a t i o n  in d u c e d  o x id a t io n  o f  F e ( I I )  
i n  b o th  s u l f u r i c  and h y d r o c h lo r ic  a c id  m e d ia . W ith o u t t h i s  
r e a c t io n ^  th® m echanism  p ro p o se d  w ould a c c o u n t f o r  a y i e l d  o f 
Hg r e s u l t i n g  o n ly  from  th e  p r im a ry  r a d i a t i o n  p r o o e s s .  T hat 
i s ,  G(H2 ) w ould th e n  e q u a l  g(H2 ) o r  e s s e n t i a l l y  O.ij.5 m o le c u le s  
p e r  100 e v . T h is i s  a l s o  t r u e  f o r  th e  m echanism  p ro p o se d  by  
A rae ll. The o b se rv e d  y i e l d s  (T a b le  V H I)w e re  in  a l l  o a s e s  f a r  
i n  e x c e s s  o f  t h i s  v a lu e .  R e a c tio n  22c i s  an  e x p la n a t io n  f o r  
t h i s  e x c e s s  s in c e  i t  i s  an  a d d i t i o n a l  s o u rc e  o f  h y d ro g e n . 
A n o th e r  i n t e r p r e t a t i o n  o f  th e s e  r e s u l t s  i s  t h a t  w h ile  some o f  
th® h y d ro g en  r a d i c a l s  ar© abl© to  redue©  S n ( I I )  v i a  r e a c t i o n  
22d , th© re m a in d e r  do n o t  r e a c t  w i t h  a n y th in g  b u t  m e re ly  com— 
b in e  w i th  th e m se lv e s  t o  fo rm  Hg. (T h is  i s  n o t  th e  p r im a ry  
re c o m b in a t io n  p ro c e s s  a s  d i s c u s s e d  in  th® i n t r o d u c t i o n ,  s in c e  
i t  w ould o c c u r  in  th© body o f  th e  s o l u t i o n  and n o t  w i th in  th e  
s p u r s ) .  Due t o  th e  c o n s id e r a b le  e v id e n c e  f o r  th e  h ig h  r e a c ­
t i v i t y  o f  th e s e  r a d i c a l s ,  i t  c e r t a i n l y  seem s im p o s s ib le  t h a t  
th e y  w ould have  s u f f i c i e n t  tim e  t o  c o n ta c t  e a c h  o th e r  w h ile  
in  th e  p re s e n c e  o f  a r e l a t i v e l y  l a r g e  q u a n t i t y  o f  S n ( I I ) .
I n  o r d e r  t o  d e m o n s tra te  t h a t  th e  m echanism  a s  p ro p o se d
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do es In d ee d  s a t i s f y  th e  o b se rv e d  r e s u l t s  f o r  th e  r a d i o l y s i s ,  
c e r t a i n  Sn([V) y i e l d s  w ere c a l c u l a t e d  and t a b u la t e d  w i th  th e  
o b se rv ed  v a lu e s  in  T ab le  IX*- A sam ple  c a l c u l a t i o n  i s  g iv e n  
a s  f o l lo w s :
i
Sample E — 3 S n ( I I ) 0 = 1 .0  x  i< f *  M; HC1 = 0 .5  M
1 . G(H2 ) »  1 .1 2
2 . G(SnIV) = 1 .1 2
3 . g(H) = 3*65 ; g(0H) = 2 .9 2 ;  g(H2 ) = O.ljlj.;
g(H202 ) = 0 . 8
As p o in te d  o u t b e f o r e ,  i f  S n ( I I )  was r e a c t i n g  o n ly  
w i th  OH and H202 , th e n  G(SnIV) w ould e q u a l :
G (SnlV ) = ^g(OH) + g(H202 ) = 2 .2 6
I t  i s  p o s t u l a t e d  t h a t  th e  h y d ro g en  r a d i c a l  i s  a l s o  a b le  t o
o x id iz e  S n ( I I ) :
S n ( I I )  + H + H+ = S n ( I I I )  + H2 (2 lja)
S n ( I I I )  + H + H+ = S n(IV ) + H2 (2ljh)
These r e a c t io n s  c o n s t i t u t e  th© second sou rce  o f hydrogen gas  
o th e r  th a n  th e  prim ary r a d ia t io n  p r o c e s s .  T h e r e fo r e ,  th e  
d i f f e r e n c e ,  G(H2 ) — g(H2 ) *  1 .1 2  — 0 , k b  a  0 .6 8 ,  i s  th e  y i e l d  
o f  H2 w h ich  I s  p ro d u ce d  by  2ka and 2l}h. F o r  ©very two h y d ro ­
gen  m o le c u le s  form ed in  th e  o x id a t io n  by  h y d ro g en  a to m , one 
S n { I I )  i s  o o n v e r te d  t o  S n (IV ) . T h a t i s ,  0 .3 ^  io n s  p e r  100 
e le o t r o n  v o l t s  a r e  o x id iz e d  t o  s t a n n ic  t i n .  T hus, th e  g r o s s  
o x id a t io n  y i e l d  o f  S n(IV ) I s  G-(SnlV) = 2 .2 6  + O .3I4. = 2 .6 0 .
I t  c a n  a l s o  be se e n  from  th e  e q u a t io n s  above t h a t ,  f o r  e v e ry  
H2 m o le c u le  fo rm ed , one H atom  i s  n eed ed  o r  0 .6 8  a tom s p e r
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100 e l e c t r o n  v o l t s  o f  e n e rg y  a b s o rb e d .  The p r im a ry  y i e l d  f o r  
h y d ro g en  r a d i c a l s  i s  g(H ) = 3 .6 5 .  The d i f f e r e n c e ,  3 .6 5  — 0 .6 8  
*  2 . 9 7 , r e p r e s e n t s  th e  num ber o f  th e s e  r a d i c a l s  ( i n  te rm s  o f  
100 e v . )  a v a i l a b l e  f o r  r e d u c t io n .  S in c e  i t  t a k e s  two H atom s 
t o  e f f e c t i v e l y  p r e v e n t  th e  o x id a t io n  o f  one S n ( I I )  io n  t o  
S n (IV )(S e e  r e a c t i o n s  22d—2 2 f ) ,  th e n  2 .9 7 /2  * I . I 4.8 h y d ro g en  
a tom s p e r  100  e l e c t r o n  v o l t s  a r e  u sed  in  th e  r e d u c t io n  p r o o e s s .  
The n e t  o x id a t io n  y i e l d  o f  S n ( I7 )  i s  t h e r e f o r e  c a l c u l a t e d  to  
be  G(SnIV) = 2 .6 0  — I . I 4.8 = 1 . 1 2 . io n s  p e r  100 e l e c t r o n  v o l t s .  
T h is  c a l c u l a t e d  v a lu e  i s  th e  same a s  th e  one a c t u a l l y  o b s e rv e d .
T ab le  IX
Sam ple G(SnIV) o b se rv e d O (SnlV ) c a l c u l a t e d
E -  1 0 .9 0 0 .9 7
8  -  2 1 .0 1 1 .0 4
8 - 3 1 .1 2 1 .1 2
P -  1 0 .9 i|. 0 .9 6
P -  2 1 .2 6 1 .1 6
0 - 1 I . 0I4- 1 .1 0
0 - 2 1 . 3 k 1 .3 1
H -  1 l . k k 1 .5 1
The a g re e m e n t b e tw ee n  th e  o b se rv e d  and c a l c u l a t e d  v a lu e s  i n  
T ab le  IX is  c e r t a i n l y  a good a rg u m en t f o r  th e  v a l i d i t y  o f  th e  
m echanism  p ro p o se d  f o r  th e  r a d i a t i o n  in d u ce d  r e a c t i o n .
In  a d d i t i o n  t o  e x p la in in g  th e  o b se rv ed  h y d ro g e n  g a s  
y i e l d s ,  e q u a t io n  22c a o o o u n ts  f o r  th e  a f f e c t  o f  h y d ro g en  io n
c o n c e n t r a t i o n .  A c co rd in g  t o  t h i s  e q u a t io n ,  th e  r a t e  o f  fo rm -' 
a t i o n  f o r  b o th  p r o d u c ts  w ould be e x p e c te d  t o  i n c r e a s e  w i th  
i n c r e a s in g  a c i d i t y .  The o b se rv e d  v a lu e s  f o r  G (SnlV ) and 
G(H2 ) behaved  in  j u s t  suoh  a m an n e r.
The dependence  o f  p ro d u o t  "G" v a lu e s  on th e  i n i t i a l  
s ta n n o u s  o h lo r ld e  c o n c e n t r a t i o n ,  a s  m en tio n ed  p r e v i o u s ly ,  i s  
th o u g h t  t o  be  due t o  c o m p e tin g  r e a c t i o n s .  T h is  c o m p e ti t io n  
i s  s e e n  t o  be  t h a t  b e tw een  th e  o x id iz in g  and re d u c in g  a c t io n  
o f  th e  h y d ro g en  r a d i c a l s  a s  i n  r e a c t i o n s  22o and 22d , re s p e c ­
t i v e l y .  Prom an  i n i t i a l  Sn(IX ) c o n c e n t r a t i o n  o f  5  x  lO"”4 
m o la r  up t o  a b o u t 6 x  10 . m o la r ,  th e  o x id iz in g  te n d e n c y  o f 
t h i s  r a d i c a l  p r o g r e s s i v e l y  in o r e a s e s  i n  r e l a t i o n  to  i t s  
r e d u c in g  a b i l i t y .  Above th e  6 x  10“*® m o la r i t y ,  th e  two com­
p e t i t i v e  p r o c e s s e s  e a c h  o o o u r a t  t h e i r  own c o n s ta n t  r a t e  
s i n c e ,  f o r  a g iv e n  h y d r o c h lo r ic  a c id  c o n c e n t r a t i o n ,  th e  
G(SnIV) v a lu e s  do n o t  v a ry .
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SUMMART
The f o l lo w in g  Im p o r ta n t  c o n c lu s io n s  have  b e en  de­
v e lo p e d  a s  a r e s u l t  o f  th e  I n v e s t i g a t i o n s  d e s c r ib e d  in  t h i s  
t h e s i s :
1 .  The p r im a ry  r a d i a t i o n  y i e l d s ,  g (H ) , g(O H ), g(H2 ) ,  and 
g(H202 ) ,  f o r  th e  r a d i o l y s i s  o f  aq u eo u s sy s te m s  a r e  n o t  
a l t e r e d  when h y d r o c h lo r ic  a c id  i s  s u b s t i t u t e d  f o r  s u l f u r i c  
a c id  o f  th e  same a o ld  s t r e n g t h .
2 . T hese y i e l d s  a p p e a r  t o  be  e s s e n t i a l l y  c o n s ta n t  o v e r  th e  
a c i d i t y  ra n g e  O.ij. m o la r  t o  3 m o la r .
3 . The p o la ro g ra p h io  a n a l y s i s  o f  Sn(IV ) i n  th e  p re s e n c e  o f  
S h ( I I )  i s  f e a s i b l e  em p lo y in g  a s u p p o r t in g  e l e c t r o l y t e  o f  2 M 
HH^Cl, and 0 .0 1 #  g e l a t i n .
1|.. The p r o d u c t io n  o f H2 i n  th e  r a d i a t i o n  In d u ced  r e a c t i o n ,
l i k e  t h a t  f o r  S n (IY ), i s  a l i n e a r  f u n c t io n  o f  th e  r a d ia t io n  
d o se .
5 .  Q-(SnlV) and G(H2 ) a r e  m a rk e d ly  d e p e n d e n t on th e  i n i t i a l  
s ta n n o u s  c h lo r i d e  c o n c e n t r a t i o n  b e tw een  5 x  1CT’4 m o la r  and 
6 x  lO*"® m o la r .
6 .  H y d ro ly s is  p ro d u o ts  o f  S n(IX ) p la y  a n  im p o r ta n t  r o l e  i n  
th e  r a d i a t i o n  in d u o ed  r e a c t i o n  when th e  HC1 c o n c e n t r a t i o n  i s  
i n  th e  v i c i n i t y  o f  0 .5  m o la r .
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7 . Th® o b se rv e d  h y d ro g en  y i e l d s ,  G(H2 ) ,  a r e  c o n s id e r a b ly  
g r e a t e r  th a n  g(H2 ) .  T h is  shows t h a t  a p o r t i o n  o f  t h i s  
p ro d u c t  m ust r e s u l t  fro m  a n o th e r  p r o c e s s  in  a d d i t i o n  to  th e  
p r im a ry  r a d i a t i o n  d e c o m p o s itio n . T h is  o th e r  p ro c e s s  i s  postu*- 
l a t e d  t o  be  an  o x id a t io n  o f  S n ( I I )  by H atom s s i m i l a r  t o  t h a t  
p ro p o se d  by  W e i s s f o r  th e  r a d i a t i o n  in d u c e d  o x id a t io n  o f 
F e ( I I )  i n  O.lf. M s u l f u r i c  a o id  s o l u t i o n .
8 . A r a t h e r  u n iq u e  c o m p e t i t io n  i s  o c c u r r in g  in  th e  gamma ra y  
in d u c e d  r e a c t i o n ,  Hhe h y d ro g e n  r a d i c a l  r e a c t s  i n  two con­
t r a r y  w ays w i th  th e  S n ( I I )  s p e c i e s .  One in v o lv e s  an  o x id a t io n :
S n ( I I )  + H + fl* = S n ( I I I )  + H2 
and th e  o th e r  a r e d u c t io n :
S n ( I I )  + H *  S n ( I )  + H+
Hie r e l a t i v e  e f f e c t i v e n e s s  o f  th e s e  o p p o sin g  p r o c e s s e s  d epends 
on th e  i n i t i a l  c o n d i t io n s  f o r  th e  r e a c t i o n .
A m echanism  h a s  b een  p ro p o se d , c o n s i s t e n t  w i th  th e s e
c o n c lu s io n s ,  t o  e x p la in  th© r a d i a t i o n  c h e m is try  o f  th e  
aq u eo u s s ta n n o u s  c h lo r id e - h y d r o c h lo r i c  a c id  sy s te m .
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Name in  F u l l :  R ic h a rd  C a ld e r  H atch
D ata  o f  B i r t h :  A ugust 2 0 , 1936
P la c e  o f  B i r t h r  B o s to n , M a s s a c h u s e tts
S eco n d ary  E d u c a t io n :  B e l l p o r t  H igh  S c h o o l, B e l l p o r t ,  New Y ork
C o l le g i a t e  I n s t i t u t i o n  A tte n d e d :  D a te s  D egree
Brown U n iv e r s i ty  1 9 5 ^ 1 9 5 8  S c .B
Sym bols an d  Terms f o r  T a b le s  V II.. an d  IX
1 . S n ( I I ) 0 = I n i t i a l  s ta n n o u s  c h lo r i d e  c o n c e n t r a t i o n  o f
th e  sam ple  In  m o les l i t e r - 1 . ( A verage o f  
two d e te r m in a t io n s  )
2 .  HCi * h y d r o c h lo r ic  a o id  c o n c e n t r a t i o n  o f th e  sam ple  i n
m oles l i t e r ' ”1 ,  ( A verage  o f two d e te r m in a t io n s  )
3 .  d e n s i ty  = d e n s i ty  o f th e  sam ple  s o l u t i o n  i n  gram s
l i t e r ” 1 ,
4 .  d o se  r a t e  = e n e rg y  o u tp u t  o f  th e  gamma r a d i a t i o n  so u ro e
i n  e l e c t r o n  v o l t s  gram-1  m in u te ” 1 ,
5 .  t  = e x p o su re  tim e  o f  th e  sam ple  to  th e  gamma r a d i a t i o n
i n  h o u r s ,
6 .  S n (IV ) ■ y i e l d  o f  S n(IV ) i n  m o les l i t e r ” 1 ,  ( A verage
o f two a n a ly s e s  )
7 .  Hg = y i e l d  o f  h y d ro g en  g a s  i n  m o le s ,
8 .  G (SnlV ) * y i e l d  o f S n (lV ) i n  io n s  p e r  100 e l e c t r o n
v o l t s e
9 . ** y i© ld  o f  h y d ro g en  g a s  i n  m o le o u le s  p e r  100
e l e c t r o n  v o l t s .
The d a t a  g iv e n  i n  th e s e  two t a b l e s  d o e s  n o t  fo l lo w  
a  c h r o n o lo g ic a l  o r d e r .
Table VII,
Bun A -  1
S n ( I I ) 0 * 7 .4  x 10“ 4 ; HC1 * 0 .4 9  ; d e n s i t y  *  1007
d o se  r a t e  *  0 .9 7  x 1017
t  S n (IV ) x  105
1 8.1
2 1 5 .0
3 2 4 ;7
4 3 7 .0
6 5 0 .0
8 .5  6 9 .7
G (SnIV) * 0 .8 5  
Bun A -  2
S n ( l I ) Q -  2 .7 4  x 10“ 3 ; HC1 = 0 .4 9  ; d e n s i t y  = 1007
17d o se  r a t e  = 0 ,9 7  x 10
t  S n (IV ) x 104
4 4 .1
5 .5  5 .3
14 1 3 .7
20  2 0 .0
22 2 2 .5
G(SnlV) * 1 .01
Run A — 3
-3
S n (II )0 « 4 .0  x  10 ; HC1 * 0 .5 0  ; d en sity  * 1007
17do se  r a t e  *  0 .9 6  x  10
t Sn(IV ) x  10
4 4 .3
10 1 0 .5
12 1 2 .0
24 2 4 .3
36 3 7 .6
G(SnIV) = 1 .0 7  
Run A — 4
3
S n ( I I ) 0 «  5 .4  *■ 10 j HC1 = 0 .5 1  J d e n s i ty  = 1007
17d o se  r a t e  “  0 .9 7  x  10
t  S n(IV ) x  10^
7 8 .6
16 1 6 .9
23 2 6 .2
4 2 .7 5  4 3 .3
O(SnlV) * 1 .10
Run A -  5
S n (I I )Q * 1 .04  x 10~2 ; HC1 » 0 .50 ; d en sity




3 2 .5  
47
6 6 .5  
77
S n (lV ) x  10 
1 3 .9  
2 4 .4
3 3 .2  
5 9 .8  
6 8 .0
8 5 .2
O (SnlV ) = 1 .1 2
Run B — 1
S n ( l l )_ -  6 .0  x 10- 4
d o se  r a t e  *  0 .9 8  x 10
; HC1 = 1 . 0 0  ;
17







S n (lV ) x 10' 
9 .7  
1 8 .3
2 7 .7
3 8 .7  
4 6 .1
O(SnlV) ■ 0 .96
■ 1007
1015
S n ( l l ) 0 «  
d o se  r a t e
S n ( l l ) 0 *  4 
d o se  r a t e  *
Bun B -  2
.0  x  10~3 ; HC1 * 1 .0 3  ; d e n s i ty
0 .9 8  x  1017
t S n (lV ) x  10'
1 1 .1
2 .5 2 .8
6 6 .3
10 1 0 .4
15
G(SnIV) * 1 .0 6  
Bun B -  3
1 5 .3
I x  1 0 '’3 ; HC1 ■ 1 .0 1 ; d e n s i ty
1.98 x 1710A'
t S n (lV ) x lo '
6 6 .9
10 1 1 .6
13 1 7 .4
23 2 9 .6




Run B -  4
S n (I I )0 = 6 .0  x 10-3  ; HC1 * 0 .99  ; d en sity  * 1015
dose ra te  » 0 .98  x 1017
t , S n (IV ) x 104
4 5 .8
10 1 2 .4
25 2 9 .4
36 4 4 .5
4 5 .5  5 5 .7
O (SnlV ) = 1 .2 4  
Run B -  5
S n ( l l )  « 8 .0  x  I Q '3 ; HC1 » 1 .0 0  ; d e n s i t y  *  1015
17d o se  r a t e  * 0 .9 8  x 10
t  Sn(lV ) x 104
5 6 .5
13 1 5 , 6
19 2 4 .9
48 5 6 .5
60 7 5 .5
G(SalV) * 1.25
Hun B -  6
S n ( l l ) 0 *  1 .0  x  10"2 ; HC1 ■ 0 .9 9  ; d e n s i ty  -  1015
d o se  r a t e  *  1 .1 1  x 1017
t  S n (IV ) x 104
5 8 .7
20 2 7 .3
28 3 9 .0
42 5 8 .8
5 3 .5  7 3 .6
G (SnlV ) * 1 .2 6  
Run C -  1
S n ( l I ) Q * 5 .0  x 10” 4 ; HC1 *= 2 .0 1  ; d e n s i ty  «  1032
d o se  r a t e  *  0 .9 8  x  10*7





4 .5  4 .5
G(SnIV) -  1 .04
Bun C -  2
S n ( l I ) o *  2 .2  x 10"3 ; HC1 = 2 .0 3  ; d e n s i ty  * 1032
±7
d o se  r a t e  *  0 ,9 8  x  10
t, S n (lV ) x 104
5 6 .2
6 7 .3
9 .5  1 0 ,3
12 1 4 .3
14 1 8 .2
O (SnlV ) *  1 .1 9  
Bun C -  3
S n ( l I ) o « 4 .0  x 1 0 "3 ; HC1 -  2 .0 3  j d e n s i ty  « 1032
17d o se  r a t e  *  0 .9 8  x  10
t S n (lV ) x 104
4 5 .2
8 1 0 .4
12 1 5 .4
15 2 0 .1
24 3 1 .3
30 3 8 ,7
Q-(SnlV) * 1 .29
I
S n ( l I ) Q * 6 
d o se  r a t e
S n ( l l )  -  8 o
d o se  r a t e  =
■ • Y
Run C -  4
,0 x  IQ’ 3 ; HC1 = 2 .0 0  ; d e n s i ty  *  1032
0 .9 8  x 1017
t  S n (lV ) x 104
10 1 2 .3
19 2 5 .0
2 0 .7 5  2 7 .8
2 5 .5  3 4 .3
3 2 .5  4 0 .7
38 5 0 .0
O (SnlV ) = 1 ,3 1
Run C -  5
,0 x 10~3 ; HC1 * 2 .0 1  j d e n s i t y  = 1032
0 .9 8  x 1017
t  S n (lV ) x  104
5 6 .8
12 1 5 .3
24 3 1 .9
36 4 7 .8
48 6 3 .7
55 71 .0
G(SnIV) * 1 .32
Hun C -  6
S n ( I I )  *  1 .0  x  10~2 ; HC1 “  1 .9 7  ; d e n s i tyo
d o se  r a t e  *  0 .9 8  x 1017
t  S n (lV ) x 104
5 6 .8
6 8 .5
13 1 7 .1
2 7 .5  3 4 .2
48 6 6 .1
6 4 .5  8 6 .5
O (SnlV ) * 1 .3 5  
Run D -  1
S n ( I I ) 0 » 5 .0  x 10“ 4 ; HC1 “ 3 .0 4  ; d e n s i ty
17d o se  r a t e  = 0 .9 6  x 10
t  S n (lV ) x 104
0 .5  0 .5
1 1 .4
2 2 .3







Rua D -  2
S n ( l l ) = 2 .0  x 10~3 ; HC1 = 3 .0 2  ; d e n s i ty  








S n (lV ) x 104 
2 .7  
6 .4  
9 .0  
1 3 .0  
1 6 .7  
1 8 .4
G (SnIV ) = 1 .3 1
Run D -  3
S n ( l l ) 4 .0  x 10~3 ;
d o se  r a t e  *  0 .9 6  x 10 17







S n (IV ) x 10
2 .9
1 3 .7  
2 1 . 2
3 2 .7  
3 8 .3
G (SnIV ) * 1 .3 8
1049
1049
Bun D -  4
S n ( l l ) 0 a 6 .0  x 10”® ; HC1 * 3 ,01  ; d en sity  * 1049
17d o se  r a t e  = 0 ,9 6  x 10
t  S n ( iy )  x  104
4 5 .6
11 1 5 .1
20 2 9 .0
29 3 9 .7
41 5 7 .3
G(SnIV) « 1 .4 0  
Run D -  5
S n ( I I ) Q a  8 .0  x 10” ® ; HC1 a  3 .0 0  ; d e n s i t y  a  1049
17d o se  r a t e  a  0 .9 6  x 10
t  S n (IV ) x 104
5 7 .1
10 1 4 ,3
24 3 4 .2
36 51^3
40 5 7 .6
48 7 0 .5
G(SnlV) > 1.40
Bun D -  6
I
S n (I I )0 « 1 .0  x 10-3 ; HC1 « 2 .9 8  ; d e n s ity  * 1049
17d o se  r a t e  *  0 .9 6  x 10
t S n (lV ) x  10
5 .5 8 .0
14 1 9 .4
2 4 .5 3 4 .8
41 56#9
4 5 .5 6 7 .8
48 6 9 .6
58 8 3 .1
G (SnIV ) « 1 .4 4
S n ( l l )  «  1 o
d o se  r a t e  »
S n ( I I ) Q * 2
Table VIII
Sun E -  1
.0  x  l c f 3 ; HC1 * 0 .5 0  









G(Hg) -  0 .9 7  
Bun E -  2 
.5  x 10~3 ; HC1 = 0 .5 0
t
1 1 .5  
15
1 8 .5  
24
2 6 .5  
30
; d en sity








; d e n s i ty
Hg x 105
1 .0 7  
1 .2 8  
1 .7 7  
2 .4 4  




G(Hg) * 1 .04
Bun E -  3
S n ( l l ) 0 *  1 .0  x 1 0 "3 |  HC1 * 0 .5 0








Q (SnlV ) = 1 . 1 2  
Run F - 1
S n ( I I ) c  *  5 x  10 4 ; HC1 *  1 .0 1  ;








O(Hg) -  0 .9 6
; d en sity  = 1007
Hg x 105 
0 .8 1  
1 .2 6  
2 .3 5  
5 .1 6  
6 .3 1  
8 .3 0
d e n s i t y  = 1015







Hun P -  2
S n ( l l ) 0 *  1 .0  x  10~2 ; HC1 = 1 . 
d o se  r a t e  *  0 .9 2  x 1017








Hg x 10v 
0 .3 6
1 .3 0  
2 .5 0  
1 .9 7
5 .3 0  
6 .2 5
G(Hg) = 1 . 1 6
Run G -  1
S n ( l l ) 0 -  5 .0  x  10~4 ;




3 .5  
5 .0
HC1 * 2 .0 3 d e n s i ty
Hg x 10 
2 .1
2 .4





G(Hg) * 1 . 1 0
Boa 0 * 8
Sn(XI)0 * 1 .0  x 10~8 j KCl * 8.00 j * 1098
6### n i t  * 0.88 x 10i7







<Ktig) -  1 .3 5  
Bun 8 * 1
Sn(XI) •  1 .0  x 10*8 I HCI * a.S» j a#n#lty * 1048
0 17do*8 rat# •  0.88 x 10






0 (« g )  -  1 .6 8
I
